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ABSTRACT 


The  structure  and  development  of  the  mycelium  of  Fomes 
igniavius  (Fries)  Kickx.  is  described  on  the  basis  of 
results  obtained  from  comparative  studies  of  the  variety 
gogulinus  occurring  on  aspen  poplar  and  the  variety  laevigatus 
occurring  on  birch.  It  has  been  found  that  the  mycelium  has 
a  distinctive  morphology  which  is  expressed  in  both  the  host 
tissue  and  in  culture. 

The  mycelium  of  F.  igniavius  consists  of  three  kinds 
of  hyphae;  thin-walled  hyphae,  fiber  hyphae  and  cuticular 
cells.  The  thin-walled  hyphae  are  frequently  branched  and 
lack  clamp  connections.  The  type  of  branching  is  monopodial 
and  branches  form  in  acropetal  succession.  The  branches 
arise  mostly  at  acute  angles,  but  branching  at  right  angles 
and  in  whorls  occurs  occasionally.  Hyphal  anastomosis  is 
frequent  in  thin-walled  hyphae.  Fiber  hyphae  and  cuticular 
cells  originate  from  the  thin-walled  hyphae  with  a  septum 
at  the  differentiation  point.  The  distinctive  characters  of 
the  variety  laevigatus  are  the  presence  of  thin-v/alled , 
broad  hyphae  and  development  of  hyphal  rings .  In  variety 
-populinus ,  the  presence  of  half  septa,  cell  v/all  constrict¬ 
ions  and  invaginations  are  the  distinguishing  features. 

The  maximum  mycelial  growth  takes  place  at  27°C  in  both 
solid  and  liquid  media.  Diffusion  zones  are  produced  by 
F.  igniavius  on  gallic  and  tannic  acid  agars.  F.  igniavius 
var.  populinus  is  a  slow  growing  fungus.  The  advancing  zone 
becomes  bayed  after  three  to  four  weeks  on  malt-agar  medium. 
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The  color  of  the  mYcelium  becomes  dark  brown  at  later  stages 
of  growth.  The  fungus  produces  a  strong  wintergreen 'odor  on 
malt-agar  medium.  On  the  same  medium  variety  laevigatus , 
comparatively  faster  growing,  is  cinnamon-orange  in  color  at 
later  stages  of  growth.  The  advancing  zone  is  hyaline  with 
the  hyphae  well  separated  from  each  other.  The  wintergreen 
odor  is  mild  in  this  variety. 

Ultrastructure  studies  of  the  hyphae  have  shown  that 
there  is  dolipore  type  of  septum  in  the  various  kinds  of 
hyphae  composing  the  mycelium.  The  hyphal  cell  wall  in 
F.  igniavius  v/as  observed  to  be  either  single  or  multilayered 
and  was  usually  triple  layered.  Cell  organelles  such  as 
endoplasmic  reticulum,  mitochondria  and  vesicles  were  found 
in  abundance  in  the  growing  hyphae.  As  the  fiber  hyphae  and 
cuticular  cells  developed,  the  cell  organelles  disintegrated 
and  at  maturity  only  diffuse  cytoplasm  was  observed  suggest¬ 
ing  the  possible  utilization  of  these  organelles  in  the 
thickening  of  the  cell  v/all.  A  characteristic  feature  of 
this  fungus  was  the  presence  of  complex  concentric  membranes . 
The  lomasomes  were  seen  to  bud  off  from  these  membranes . 

The  morphological  and  physiological  characters  of  the 
mycelium  are  evaluated  with  respect  to  their  usefulness  in 
classification. 
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broad  hyphae  of  variety  laevigatus . 

25  Hyphal  anastomosis  in  thin-walled,  narrow  70 

hyphae  of  variety  laevigatus . 

26  Fiber  hypha  originating  from  thin-walled,  70 

narrov/  hypha  in  var.  laevigatus . 

27  Branching  in  fiber  hyphae  of  var.  71 

laevigatus . 

28  Cuticular  cells  of  var.  laevigatus .  71 

29  Growth  of  var.  laevigatus  on  malt-agar  72 

at  various  temperatures . 

30  Yield  of  mycelium  of  var.  laevigatus  in  73 

static  and  shake  liquid  cultures. 

31  Yield  of  mycelium  of  var.  laevigatus  at  74 

various  temperatures . 

32  Yield  of  mycelium  of  var.  laevigatus  with  75 

various  carbon  sources . 

33  Transverse  section  showing  nucleus,  dense  84 

bodies  and  triple  layered  cell  wall, 

34  Transverse  section  through  a  thin-walled,  84 

narrow  hypha  of  variety  laevigatus  showing 

a  single  layered  cell  wall,  nuclei  and 
continuity  of  the  endoplasmic  reticulum 
with  nuclear  membrane. 

35  Longitudinal  section  showing  smooth 
surfaced  endoplasmic  reticulum,  mito¬ 
chondria,  four  nuclei  and  a  vacuole. 
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Figure 

36  Longitudinal  section  showing  mitochondria,  86 

dense  bodies  and  vesicles  near  the  triple 
layered  cell  wall. 

37  Transverse  section  showing  continuity  of  86 

endoplasmic  reticulum  with  a  circular 
mitochondrion . 

38  Longitudinal  section  showing  multi-  87 

lamellate  pore  cap,  pore  cap  pore, 

continuity  of  pore  cap  with  endoplasmic 
reticulum  and  vesicular  endoplasmic 
reticulum. 

39  Longitudinal  section  showing  pore  plug,  87 

multilamellate  pore  cap  and  electron 
transparent  lamella  in  septum, 

40  Longitudinal  section  showing  oblong  88 

mitochondria  and  membrane  bound, 
unidentified,  dense  bodies, 

41  Transverse  section  through  a  thin-walled,  88 

narrow  hypha  of  var .  laevigatus  showing 

a  mitochondrion,  endoplasmic  reticulum 
and  numerous  vesicles  near  the  cell  wall, 

42  Longitudinal  section  showing  complex  89 

parallel  lamellae, 

43  Longitudinal  section  through  a  thin-walled  89 

hypha  of  var,  laevigatus  showing  complex 
concentric  membranes . 
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Figure 

44  Transverse  section  showing  uneven  thickness  90 

of  cell  wall,  invagination  of  plasmalemma , 
lomasomes  and  free  ribosomes. 

45  Longitudinal  section  showing  complex  90 

concentric  membranes,  lomasomes, 

osmiophilic  body,  vacuole,  free 
ribosomes  and  a  non-median  septum. 

46  Transverse  section  showing  crenulate  91 

plasmalerama,  free  ribosomes  and  complex 
concentric  membranes  with  club  shaped 

end  leading  into  lomasomes . 

47  Longitudinal  section  showing  lomasomes  91 

and  circular  mitochondria. 

48  Longitudinal  section  showing  triple  92 

layered  cell  wall,  vesicles  and  multi- 
vesicular  bodies  near  the  cell  v/all. 

49  Longitudinal  section  showing  hook-shaped  92 

apex  with  multivesicular  bodies  and 
multilayered  cell  wall. 

50  Longitudinal  section  showing  hyphal  93 

anas  tomosis , 

51  Longitudinal  section  shov/ing  dolipore  94 

septum  and  branching  at  an  acute  angle. 

52  Longitudinal  section  through  a  thin-  95 

v/alled,  broad  hypha  of  var .  laevigatus 

showing  protoplasmic  continuity  through 
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60 


dolipore  septum  and  continuity  of 
plasmalemma  betv/een  cells. 

Longitudinal  section  showing  half  septum.  96 

Longitudinal  section  showing  cell  wall  96 

invagination . 

Longitudinal  section  showing  bifurcated  96 

cell  wall  invagination. 

Longitudinal  section  showing  origin  of  97 

fiber  hypha  from  thin-walled  hypha. 

Longitudinal  section  showing  a  dolipore  98 

septum  and  dense  bodies. 

Longitudinal  section  through  a  fiber  99 

hypha  of  var .  laevigatus  showing 
double  layered  cell  wall  and  dense 
cytoplasm  in  central  region. 


Longitudinal  section  through  a  fiber  100 

hypha  and  oblique  transverse  section 

through  a  thin-walled  hypha.  The 

former  showing  a  constriction  of  the 

cell  wall  and  axial  orientation  of 

microfibrils .  The  latter  showing 

mitochondria  and  vesicles  near  the 

cell  wall. 

Transverse  section  through  a  young  100 

fiber  hypha  showing  cell  wall  with 
circular  stratification  of  microfibrils . 
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61  Longitudinal  section  showing  diffused  101 

cytoplasm,  a  constriction  in  cell  wall 

and  axial  orientation  of  microfibrils 
in  triple  layered  cell  wall. 

62  Longitudinal  section  with  thickened 
cell  wall  and  no  lumen. 

63  Young  cuticular  cells  of  variety  102 

popul-inus  . 

64  Young  cuticular  cells  of  variety  103 

laevigatus . 

65  Young  cuticular  cells  of  var.  populinus  104 

showing  triple  layered  cell  wall, 

vesicles,  vacuoles  and  pore  cap  with 
non-median  septum. 

66  Mature  cuticular  cells  showing  thick  104 

cell  wall  and  diffuse  cytoplasm  in  the 

center . 
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Fames  igniavius  (Fries)  Kickx.  is  a  member  of  the 
Polyporaceae  a  large  and  economically  important  group  of 
Basidiomycetes .  The  fungus  is  readily  recognizable  by  its 
woody,  sessile  sporocarp  with  a  black  pileus  and  a  dark 
brown  pore  surface.  White  trunk  rot,  caused  by  F.  igniavius 
is  a  serious  limitation  in  hardwood  utilization  in  temperate 
regions  of  the  world.  This  fungus  is  an  important  cause  of 
decay  in  standing  trees  but  is  not  a  cause  of  rot  of  wood  in 
storage . 

There  are  three  varieties  recognized:  variety  gogulinus 
grov/ing  on  living  aspen  poplar,  variety  laevigatus  growing 
on  dead  birch  and  variety  igniavius  which  attacks  living 
birch,  Acer  and  Os  try  a.  Of  these  varieties  the  one  that 
infects  living  aspen  poplar  causes  the  most  serious  losses . 

Most  of  the  work  with  this  fungus  has  been  pathological 
and  physiological  in  approach.  Studies  of  basidiospore 
germination,  growth  of  the  mycelium  in  culture  and  rate  of 
decay  in  living  trees  have  been  done  by  various  workers , 

While  many  of  tliese  studies  have  provided  significant 
information  about  the  growth  of  the  mycelium,  the  structure 
of  the  mycelium  and  the  effect  of  various  environmental 
factors  on  growth  and  development  of  this  phase  have  received 
little  attention. 

Since  this  fungus  is  an  important  pathogen  and  since  the 
vegetative  mycelium  is  the  cause  of  decay  in  the  wood,  the 
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present  study  v/a,s  underta,ken  with  the  objective  of  providing 
more  information  about  this  stage  in  the  life  cycle.  It 
was  thought  necessary  to  know  whether  the  fungus  behaves  in 
a  similar  fashion  in  cultural  environment  and  in  the  natural 
environment  because  it  is  only  then  that  the  study  of  the 
fungus  under  cultural  conditions  is  of  any  practical  signifi¬ 
cance  in  understanding  its  behaviour  in  natural  environment. 
In  this  study  the  expression  of  both  morphological  and 
physiological  characters  of  the  mycelium  under  variable 
environmental  conditions  has  been  examined.  Hov/ever,  the 
emphasis  has  been  placed  on  the  structure  and  development  of 
the  vegetative  hyphae . 

Since  the  advent  of  electron  microscope  as  a  tool  for 
biological  research,  workers  concerned  with  the  developmental 
morphology  of  fungi  have  used  this  instrument  to  supplement 
light  microscope  observations.  A  perusal  of  the  literature 
revealed  that  no  work  on  the  fine  structure  of  the  mycelium 
of  F.  igniavius  has  been  reported.  Therefore,  electron 
microscope  studies  of  the  mycelium  were  carried  out. 

The  importance  of  the  study  of  mycelial  characteristics 
becomes  obvious  when  one  looks  at  the  lack  of  agreement 
among  mycologists  on  the  classification  based  on  basidiocarp 
characters  alone.  Bondartseva  (1961)  in  his  review  of  the 
recent  classification  of  the  Polyporaceae  concludes  that, 
among  the  numerous  systems  of  classification  for  the 
Polyporaceae,  there  is  not  one  which  could  be  regarded  as 
generally  accepted.  Nobles  (1948,  1958,  1965)  pointed  out 
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the  significance  of  cultui^al  characteristics  in  the 
classification  of  Polyporaceae .  Hov/ever,  she  did  not  make 
any  attempt  to  segregate  genera  on  this  basis  because  the 
relationship  betv/een  cultural  characters  of  a  species  and 
those  expressed  in  the  natural  environment  was  not  established. 
It  is  my  belief  that  a  satisfactory  system  of  classification 
for  the  Polyporaceae  must  include  characteristics  of  all 
stages  of  the  life  history  of  the  species.  In  this  thesis 
information  from  comparative  studies  of  the  mycelium  growing 
in  different  environments  has  been  used  to  determine  the 
stable  characters  which  could  be  used  in  establishing  a 
natural  system  of  classification. 

In  this  investigation  of  the  mycelium  of  F.  igniavius 
comparative  studies  of  variety  gogulinus  and  variety 
laevigatus  were  carried  out.  Three  approaches  were  used: 
study  of  the  mycelium  in  the  natural  environment,  study  of 
the  mycelium  under  cultural  conditions  and  an  ultrastructure 
study  of  the  different  kinds  of  hyphae  making  up  the  mycelium 
in  culture.  The  results  from  these  studies  have  been  brought 
together  in  the  discussion  to  present  a  detailed  account  of 
the  structure  and  development  of  the  vegetative  mycelium. 
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LITERATURE  REVIEW 

The  fungi  belonging  to  family  Polyporaceae  are  one  of 
the  main  causes  of  the  destruction  and  deterioration  of  wood 
tissue.  For  example,  Rcff  (1964)  reported  that  Poria  weirii 
develops  freely  in  wood  and  the  growth  of  the  mycelium  is 
random  and  very  much  branched.  Henningsson  (1965)  working 
with  Polyporus  betulinus  reported  that  when  attacking  the 
v70od,  the  hyphae  penetrated  all  the  cells  and  grew  through¬ 
out  the  wood  tissue. 

According  to  Proctor  (1941)  the  wood  destroying  fungi 
(Basidiomycetes)  penetrate  the  lignified  walls  of  the  wood 
cells  both  by  the  enzymatic  and  the  mechanical  process.  The 
penetrating  hypha  may  secrete  enzymes  which  cause  complete, 
local  dissolution  of  the  wood  cell  wall  resulting  in  the 
softening  of  the  area  around  the  penetrating  hyphal  tip. 

One  of  the  most  intriguing  fundamental  problems  in  the  field 
of  wood  deterioration  is  presented  by  the  striking  differences 
betv/een  tlie  two  major  types  of  wood  decay  -  white  rot  and 
brown  rot.  They  may  be  distinguished  by  differences  in  the 
color,  solubility  of  alkali,  strength,  dimensional  stability, 
pulping  properties  and  chemical  composition  of  the  decayed 
wood  (Cowling,  1961) .  Clearly,  these  distinguishing  features 
are  the  result  of  differences  in  the  enzymatic  effects  of 
the  decay  fungi.  In  a  brown  rot  the  cellulose  and  its 
associated  pentosans  are  attacked  while  the  lignin  is  left 
in  a  more  or  less  unchanged  condition;  in  a  V7hite  rot  all 
the  components  of  the  wood,  including  the  lignin,  are 
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decomposed  (Cartwright  and  Findlay,  1958) .  The  white  rot 
fungus  species  in  the  group  of  Basidiomycetes  studied  by 
Cowling  (1961)  and  Seifert  (1966) ,  are  known  to  attack 
simultaneously  cellulose  and  lignin  in  the  wood  v/ithout 
significantly  changing  their  proportions. 

Nobles  (1948) ,  in  her  cultural  studies  of  126  species 
of  wood  destroying  fungi,  found  that  host  relationships  and 
physiological  and  morphological  characters  were  of  diagnostic 
value.  She  (1958)  suggested  that  cultural  characteristics 
may  serve  as  a  guide  to  the  taxonomy  and  phylogeny  of  family 
Polyporaceae .  She  found,  after  a  careful  study  of  252  species, 
that  tiiis  family  is  composed  of  (i)  a  primitive  group  of 
species  that  produce  no  extracellular  oxidase,  and,  if 
heterothallic  show  a  bipolar  type  of  interfertility,  and  (ii) 
an  advanced  group  of  species  that  produce  extracellular 
oxidase  and,  if  heterothallic,  show  the  tetrapolar  type  of 
interf ertility .  She  did  not  make  an  attempt  to  segregate 
genera  on  the  basis  of  cultural  characteristics  because 

i 

relationships  between  cultural  characters  and  those  expressed 
in  the  natural  environment  have  not  been  established. 

Physiological  studies  of  the  mycelium  of  fungi  could  be 
used  in  developing  a  rational  system  of  control  of  plant 
diseases.  In  a  comparative  nutritional  study  of  the  three 
v70od-rot-f  ungi  Polyporus  hetulinus  ^  Pomes  pinicola  (=  P. 
marginatus)  and  P.  versicolor ,  La  Fuze  (1937)  reported  that 
among  various  sources  of  energy  used,  polysaccharides  gave 
the  best  mycelial  growth.  Pentoses  were  not  utilized  as 
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extensively  as  hexoses . 

Studies  by  Fritz  (1923) ,  Mounce  (1929)  and  Hemmi  and 
Kurata  (1933)  concerning  growth,  temperature  relations,  etc. 
for  Polyporus  betulinus  and  P.  marginatus  have  revealed  that 
mycelial  growth  occurs  between  5°  and  35 °C;  the  optimum 
temperature  being  27°~29°C.  All  the  reported  calculations 
of  growth,  including  those  of  La  Fuze,  were  based  on  measure¬ 
ment  of  radial  growth  on  agar  media. 

Henningsson  (1965)  observed  that  the  optimum  temperature 
for  growth  of  Polyporus  betulinus  was  20 °C.  He  also  reported 
that  on  malt-agar  the  mycelium  survived  at  35 °C.  The 
hydrogen  ion  concentration  for  growth  V7as  between  pH  2.1  and 
pH  7  with  a  optimum  of  pH  5 .  He  found  that  glucose  was  the 
best  carbon  source  among  the  aldo-hexoses .  Later,  Henningsson 
(1967)  reported  that  cellobiose,  an  extracellular  end  product 
in  cellulose  decomposition,  is  an  excellent  carbon  source 
for  the  fungi  attacking  birch  and  aspen.  Indeed,  cellobiose 
was  equal,  and  sometimes  even  superior,  to  its  monomer 
glucose . 

The  wood-destroying  fungi  usually  have  a  wide  pH 
tolerance  in  the  acid  regions.  In  a  detailed  study,  Wolpert 
(1924)  reported  that  depending  on  the  composition  of  the 
medium,  the  wood  destroying  fungi  grew  between  pH  2.8  and 
pH  8.  According  to  Birkinshaw  et  al .  (19  40)  tiie  decay  fungi 

acidify  tlie  substrate  by  their  production  of  acids  .  Brown 
rot  fungi  cause  a  greater  acidification  than  do  the  white 
rot  fungi . 
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Electron  microscopic  studies  of  fungal  cells  have 
revealed  the  similarity  in  their  organization  to  tliat  of  the 
cells  of  other  organisms .  Studies  of  the  cells  of 
basidiomycete  fungi  have  established  that  all  these  cells 
have  a  cell  wall  and  protoplast.  The  protoplast  consists  of 
a  plasma-membrane,  nucleus  or  nuclei,  mitochondria,  endo¬ 
plasmic  reticulum,  golgi  bodies,  ribosomes,  vacuoles  and 
certain,  less  well  defined  organelles.  All  these  organelles 
are  embedded  in  the  cytoplasmic  ground  substance,  or  matrix 
(Wells,  1964b,  1965;  Moore  and  McAlear,  1962b,  1963b; 
Girbardt,  1958;  Lu ,  1965  ;  Willets  and  Calonge ,  1969)  . 

The  many  papers  describing  the  techniques  for  prepara¬ 
tion  of  fungal  cells  for  the  electron  microscopic  studies 
indicate  that  potassium  permangnate  (Moore  and  McAlear, 

1963a;  Wells,  1964b;  Lu ,  1965  ,  Nair  et  al.  ,  1969)  ,  and 
osmium  tetroxide  (Shatkin  and  Tatum,  1959;  Zalokar,  1961) 
are  most  commonly  used  as  fixatives  for  the  fungi .  The 
former  is  superior  for  preserving  the  membrane  system  but  it 
does  not  preserve  the  structures  containing  the  nucleic 
acids,  for  example  the  nucleolus.  On  the  other  hand, 
material  fixed  with  osmium  tetroxide  has  been  found  to  be 
reasonably  well  preserved  except  for  the  membrane  system. 

Willets  and  Calonge  (1969)  have  reported  the  presence 
of  only  a  single  layered  cell  wall  in  S clerotinia  fructicola, 
S.  fruotigena_,  S.  laxa  and  S.  laxa  forma  mali .  They  also 
observed  hyphal  walls  amongst  these  species  with  two  distinct 
regions,  a  thin  (O.Oiy)  electron  dense  outer  layer  and  an 
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inner  layer  approximately  0.22iJ  thick.  Berliner  and  Duff 
(1965)  reported  that  the  hyphal  wall  of  Armillavia  mellea 
was  multilayered  with  the  outermost  wall  layer  often 
sloughed  off. 

Schmid  and  Liese  (1968)  observed  a  circular  stratifica- 
tion  of  microfibrils  in  the  transverse  section  of  the  fiber 
hyphae,  but  in  the  longitudinal  section  the  microfibrils 
showed  an  axial  orientation.  In  this  study  the  thickness  of 
the  cell  wall  was  found  to  be  variable. 

Fungal  cells  are  characterized  by  the  presence  of 
lomasomes ,  a  name  first  given  by  Moore  and  McAlear  (1961a) 
to  a  "previously  uncharacterized  hyphal  structure".  Girbardt 
(1958,  1961)  described  such  structures  as  'rings'  located  in 
the  matrix  between  cell  wall  and  plasma  membrane. 

The  origin  or  the  mechanism  of  formation  of  lomasome  is 
not  very  clear.  Nair  et  at.  (1969)  reported  the  presence  of 
concentric  and  parallel  lamellar  structures  in  the  hyphal 
cell  possessing  dilated  or  club  shaped  ends .  They  believed 

I 

that  lomasomes  originated  by  budding  of  concentric  lamellae 
into  tubular  vesicles.  Hyde  and  Walkinshaw  (1966)  observed 
that  membranes  appeared  in  several  different  forms  and 
speculated  that  lomasomes,  vesicular  bodies,  and  concentric 
complex  membranes  are  different  manifestations  of  a  single 
entity . 

The  role  played  by  lomasomes  in  the  physiological  or 
morphological  processes  or  in  the  cell-metabolism  is  not  well 
understood.  According  to  V'/ilsenach  and  Kessel  (1965)  ,  the 
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lomasomes  play  a  major  role  in  cell  wall  formation.  They 
observed  that  these  peripheral  bodies  appear  prior  to  the 
formation  of  cellular  wall  material  in  the  matrix  of  the 
two  mLembranes  of  the  endoplasmic  reticulum,  and  suggested 
that  the  vesicles  of  the  fungal  lomasomes  coalesce  and  form 
the  cell  wall. 

Girbardt  (1958)  suggested  that  vesicles  seen  in 
lomasomes  may  be  plasmapores ,  or  that  they  may  be  invagina¬ 
tions  of  the  plasma  membrane.  He  found  that  the  'rings' 
were  larger  in  older  cells  than  in  younger  ones  and 
therefore,  he  concluded  that  the  lomasomes  may  be  related 
to  the  aging  of  the  cells.  However,  Moore  and  McAlear 
(1961a)  suggested  that  lomasomes  may  be  involved  in  cell 
wall  metabolism. 

Marchant,  Peat  and  Banbury  (1967)  reported  that  two 
vesicular  systems  are  associated  with  wall  synthesis.  They 
believe  that  the  endoplasmic  reticulum  produces  a  system  of 
vesicles,  which  fuse  v/ith  plasma  membrane  and,  therefore, 
is  responsible  for  'Primary'  wall  synthesis.  Furthermore, 
they  suggested  that  endoplasmic  reticulum  also  produces 
multivesicular  bodies  which  finally  form  the  lomasomes . 
These  multivesicular  bodies  were  thought  to  be  associated 
v/ith  'Secondary'  wall  synthesis  and  concerned  with  chitin 
deposition  in  the  wall. 

It  has  been  established  that  the  nucleus  is  enveloped 
by  a  double  membrane  in  which  there  are  many  pores  (Moore 
and  McAlear,  1962a;  Wells,  1964a;  Hyde  and  Walkinshaw,  1966) 
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with  a  careful  survey  of  50  genera  of  fungi,  Moore  and 
McAlear  (1963b)  established  that  fungus  mitochondria  resemble 
those  of  higher  organisms.  These  mitochondria  are  bounded 
by  a  double  membrane,  the  inner  one  being  folded  to  form 
numerous  cristae.  Fungal  mitochondria  are  variable  in  shape 
and  size  and  may  be  globose  to  ellipsoid  to  elongate,  or 
even  branched  (Moore  and  McAlear,  1963b;  Wells,  1965; 
Marchant,  Peat  and  Banbury,  1967)  .  The  fungal  cristae  may 
be  platelets  or  tubules  and  are  randomly  arranged  (Moore 
and  McAlear,  1963b,  1961b;  Wells,  1964a,  1965) . 

Butler  and  Bracker  (1965)  found  that  the  morphology 
and  numbers  of  mitochondria  varied  in  the  cells  of  the 
senescence  portion  of  the  life  cycle  of  Rhizootonia  solani. 

The  endoplasmic  reticulum  is  a  conspicuous  feature  in 
fungal  cells.  In  thin  sections,  it  may  have  the  appearance 
of  a  system  of  circular  or  longitudinal  cisternae  (Wells, 
1964a;  Berliner  and  Duff,  1965;  Moore  and  McA^lear,  1962a)  . 

The  endoplasmic  reticulum  is  found  to  be  continuous  with 
the  nuclear  membrane  (Moore  and  McAlear,  1962a;  Wells,  1965), 
with  the  plasma  m.embrane  (McAlear  and  Edwards,  1959  ;  Moore, 
1963a)  and  with  the  mitochondrial  membrane  (Berliner  and 
Duff,  1965;  Moore,  1963b) .  It  may  fold  and  become  lamellar 
(Wells,  1964a)  or  it  may  form  a  concentric  complex  (Berliner 
and  Duff,  1965;  Moore,  1963a).  Vesicular  endoplasmic 
reticulum  has  been  reported  also  in  Coprinus  lagopus 
(Marchant,  Peat  and  Banbury,  1967). 

The  appearance  of  membrane  bound,  unidentified  dense 
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bodies  in  Agavicus  oampes  tris  led  Manocha  (1965)  to 
speculate  that  these  bodies  increase  in  size,  become  less 
dense  in  contents  and  coalesce  to  form  vacuoles. 

In  the  subclass  Homobasidiomycetidae  the  septa  have 
been  observed  to  be  of  the  complex  pore  type,  referred  to  as 
'Dolipore'  by  Iloore  and  McAlear  (1962c) .  This  is  not  the 
case  with  some  of  the  Heterobasidiomycetidae .  In  the  doli- 
pore  septum  the  cross  wall  between  the  two  adjacent  cells  is 
pierced  in  the  centre  by  a  pore.  The  edges  of  the  cross  wall 
bear  a  pronounced  thickening  (septal  swelling) .  The  material 
constituting  this  septal  swelling  is  different  from  the  wall 
material  (Berliner  and  Duff,  1965;  Bracker  and  Butler,  1963). 
The  surface  of  the  cross  wall  and  the  septal  sv/elling  are 
covered  by  an  electron  dense  membrane,  called  the  pore  cap 
which  has  been  termed  the  "Parenthesome"  by  Moore  and 
McAlear  ( 1962c) . 

The  membrane  of  this  pore  cap  has  been  observed  to  have 
pores  in  it  (Wells,  1964a;  Moore  and  McAlear,  1962c;  Berliner 
and  Duff,  1965;  Giesy  and  Day,  1965;  Wilsenach  and  Kessel, 
1965;  Nair  et  at.  ,  1969)  .  Berliner  and  Duff  (1965)  found 
that  the  pore  cap  is  multilayered  and  it  is  continuous  with 
endoplasmic  reticulum.  Wilsenach  and  Kessel  (1965)  reported 
that  pore  cap  pores  in  the  Polyporaceae  are  at  regular 
intervals  of  400-800A.  They  suggest  that  these  pore  caps  act 
as  a  sieve  and  that  the  particles,  smaller  than  the  actual 
pore  opening,  migrate  through  the  pore  cap  pores. 

Bracker  and  Butler  (1964)  studied  Rhizootonia  solani. 
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They  consider  that  despite  the  complex  structure,  the  septum 
is  well  adapted  for  protoplasmic  continuity  from  one  cell  to 
another.  This  continuity  is  possible  because  the  diameter 
of  the  septal  pore  increases  during  protoplasmic  streaming. 

Nair  et  at.  (1969)  observed  organelles  resembling 
mitochondria  lying  within  the  septal  pore  cap  pores  but  they 
did  not  observe  nuclei  within  the  septal  pore.  Giesy  and 
Day  (1965)  reported  that  during  puclear  migration  in  Coprinus 
tagopus  ,  the  septal  swelling  and  the  pore  caps  are  dissolved 
and  the  septum  becomes  a  simple  pore,  like  that  of  Ascomycet- 
es .  The  septal  pores  are  closed  by  a  septal  plug. 

Pomes  igniavius 

1.  Classification 

Pomes  igniarius  (Fries)  Kickx  belongs  to  family  Poly- 
poraceae  of  the  class  Basidiomycetes  and  subclass  Homobasi- 
diomycetidae .  This  fungus,  originally  described  by  Linnaeus 
in  1753  as  Boletus  igniavius  ,  has  undergone  many  subsequent 
changes  in  nomenclature,  e.g.,  Polypovus  igniavius  (L) 

Fries  (1821)  ,  Polyp orus  hypevhoreus  Berk.  (1841)  ,  Polyporus 
novae-angliae  Berk,  and  Curt.(  1872)  ,  Pomes  nigricans  (Fr) 

Gill  (1878)  ,  Phellinus  igniavius  (L)  Quel.  (1886)  , 
Pyropolyporus  igniavius  (Fries)  Murr.  (1903) ,  and  Pomes 
avotostaphyli  Long  (1941) .  In  North  America,  the  name  Pomes 
igniavius  (Fries)  Kickx.  (1867)  has  been  adopted  (Overholts, 
1953) ,  but  the  designation  Phellinus  igniavius  (L)  Quel  is 
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preferred  in  Europe  (Lyr  and  Heffe,  1959)  . 

Verrall  (1937)  distinguished,  on  the  basis  of  host 
range,  three  varieties  of  F.  igniarius  ,  F.  igniarius  var. 
populinus  (Neuman)  Campbell,  which  is  most  distinct  and  is 
differentiated  by  its  small  sporophores  ,  slow  growth  in 
culture  and  occurrence  on  Populus  species .  F .  igniarius 
var.  laevigatus  (Fries)  Overholts,  which  occurs  on  dead 
birch  and  is  distinguished  by  its  applanate  sporocarp  and 
rapid  growth  in  culture.  Fames  igniarius  var.  igniarius 
distinguished  by  Wall  (1962)  has  a  large  hoof  shaped  conk, 
shows  fairly  rapid  growtli  in  culture  and  occurs  on  birches , 
hornbeans ,  maples  and  other  hardwoods.  Verrall  (1937) 
observed  that  the  three  varieties  differ  further  in  some 
microscopic  characteristics,  e.g.,  pore  diameter,  length 
of  setae,  or  diameter  of  the  hyphae  of  the  context. 

2 .  Distribution 

F.  igniarius  occurs  on  many  deciduous  plants  in 
temperate  regions.  In  North  America,  it  has  been  reported 
extensively  on  trembling  aspen  {Populus  tremuloi des  Michx.) , 
largetooth  aspen  (P.  grandidentata  Michx.) ,  iron  wood 
{Ostrya  virginiana  (Mill)  K.  Koch) ,  yellow  birch  {Betula 
all egh aniens  is  Britton)  ,  paper  birch  {Betula  papy  rifera 
Marsh) ,  red  maple  {Acer  ruhrum  L) ,  and  sugar  maple  {A. 
s  accharum  Marsh)  .  In  addition  to  some  other  species  of 
the  genera  mentioned  above,  it  reportedly  occurs  on  certain 
species  of  Salix^  Juglans  ^ 
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Sas  safras  s  j  Atnus ^  Fagus^  Cas  tanopsis  ^  QuerauSj  UZmus, 

Fraxinus j  Samhucus  (Miller  et  at.,  I960),  Vitis  (Chiarrappa, 
1959)  and  Picea  (Shops,  1931) .  It  is  one  of  the  most 
important  agents  of  destructive  heart-rot  in  aspen  (Davidson 
et  at.,  1959;  Basham,  1960). 

3.  Basidiocarp  structure 

The  basidiocarp  structure  has  been  useful  for  distinguish¬ 
ing  Fames  igniarius  from  other  closely  related  species. 

The  sporocarp  of  F.  igniarius  is  hard,  woody,  sessile,  with 
grey-brown  to  dark  brown  pore  surface.  Annual  growth  of 
the  tubes  is  about  2-5  mm.  Young  specimens  and  the  grov/ing 
margin  of  older  specimens,  are  usually  brown,  becoming 
greyish-black  or  black  and  glabrous  with  age.  The  pileus 
surface  is  usually  not  incrusted  but  sometimes  a  slight 
crust,  often  furrowed,  develops.  The  context  is  hard  and 
woody,  dark  brown,  0.5  -  1  cm  or  rarely  several  centimeters 
thick.  Setae  occurs  in  the  hymenium  and  are  sometimes 
rare,  sometimes  rather  abundant.  They  are  sharp  pointed 
and  12-18x4-6iJ  in  size.  F.  igniarius  is  distinguished  from 
other  closely  related  species  by  the  presence  of  (i)  tubes 
which  become  stuffed  v/ith  white  hyphae  when  they  are  old  and 
non-functional  and  (ii)  globose  to  subglobose  basidiospores , 
which  are  smooth,  hyaline,  and  5-6.5x4-5iJ  or  4.5-5.5|j  in 
size  (Overholts,  1953;  Lowe,  1957). 

Corner  (1932)  described  the  structure,  development  and 
biology  of  the  fruit  bodv  of  Fames  levigatus ,  a  bracket 
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fungus,  and  several  closely  related  species  of  Fames.  The 
fruit  bodies  were  composed  of  aseptate,  unbranched,  thick 
walled,  skeletal  hyphae  and  septate,  branched  and  thin 
walled  generative  hyphae.  A  hyphal  system  which  consists 
of  generative  and  skeletal  hyphae  or  generative  and  binding 
hyphae  was  called  dimitic.  He  further  found  that  the 
basidiocarp  of  Fames  igniavius  possessed  a  dimitic  hyphal 
system  of  generative  and  skeletal  hyphae.  Cunningham  (1954) 
also  reported  that  the  basidiocarp  of  F.  igniavius  is  dimitic. 

4.  Basiodiospore  studies 

Although  the  basidiospores  are  discharged  throughout 
the  growing  season  (Riley,  1952),  maximum  spore  discharge 
occurs  during  periods  of  rising  humidity,  shortly  after  rain¬ 
fall  (de  Groot,  1960)  .  A  prolonged  dry  or  cold  period  v/ith 
a  consequent  decrease  in  hymenial  development  has  been 
supposed  to  cause  cessation  of  spore  discharge  (Mikalaikev- 
icius ,  1958) . 

Harrison  (1942)  reported  that  spores  remained  viable  as 
long  as  90  days  in  dry  storage  at  laboratory  temperatures. 

Good  and  Spanis  (1958)  noticed  that  certain  spore  collect¬ 
ions  of  F.  igniavius  var.  ipaguZinus  would  germinate  even 
after  two  or  three  months,  while  in  others  the  spores  rapid¬ 
ly  shrivel  and  loose  their  viability.  Since  many  of  these 
short-lived  spores  were  collected  when  humidity  v/as  low,  a 
correlation  between  longevity  and  moisture  content  during 
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maturation  was  indicated.  They  found  that  on  suitable  media 
and  at  an  optimum  temperature  of  30° C,  spore  germination 
begins  after  1  or  2  days,  and  then  rapidly  increases  to  a 
maximum  after  3  or  4  days.  Hov/ever,  good  germination 
occurred  over  a  range  of  20°  to  35°C.  No  germination  of 
spores  occurred  in  water  or  on  vzater  agar  but  a  comparative¬ 
ly  low  percentage  (10-50%)  of  spores  germinated  if  the  agar 
medium  contained  glucose  or  maltose  and  was  buffered  at  pH  5 
v/ith  citrate-phosphate.  Germination  was  high  (80-100%)  on 
acidic  media  containing  high  concentration  of  malt  extract 
or  juices  expressed  from  aspen  sapv/ood.  Interestingly 
enough,  extracts  of  aged  sapv/ood  from  wounds  had  greater 
stimulatory  effect  than  those  from  fresh  sapwood.  This 
increased  stimulus  could  not  be  explained  as  a  result  of 
nutrient  content  or  pH,  and  was  therefore  thought  to  be  due 
to  unknown  growth  substances  essential  for  rapid  spore  ger¬ 
mination  . 

5.  Pathology  and  Host  resistance 

Although  this  fungus  v/ill  attack  living  sapv/ood  after 
artificial  inoculation  (Riley,  1952)  the  natural  decay  due 
to  F.  igniarius  is  generally  limited  to  the  heart  v/ood  of 
the  trunk  and  has  been  associated  with  stem  cankers 
(Campbell  and  Davidson,  1941) .  The  decay  is  yellowish  in 
color  with  black  zone  lines  and,  in  advance  stages,  the 
v/ood  becomes  spongy  in  texture  (Basham,  1958)  .  F.  igniarius 
is  believed  to  be  an  important  cause  of  decay  in  living 
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trees  but  not  of  wood  in  storage  (Cowling,  1957)  .  Fritz 
(1954)  found  that  the  fungus  survived  in  stored  pulpwood 
but  was  not  very  active. 

The  association  of  decay  pockets  with  various  openings 
in  the  tree  suggests  the  port  of  entry  of  F.  igniarius  into 
living  hard  woods.  Most  infections  have  been  traced  to  dead 
branch  stubs  (Basham,  1958;  Nordin,  1954) ,  or  to  fire 
scars,  mechanical  injuries,  frost  cracks,  insect  tunnels  and 
dead  terminals  (Meinecke,  1929) , 

The  stained  wood  associated  with  branch  knots,  cankers, 
wounds,  and  insect  tunnels  of  aspen  has  been  found  to  have 
decay  resistance  and  to  contain  soluble  substances  toxic  to 
v70od-des troying  fungi  (Hossfeld,  Oberg  and  French,  1957)  . 

The  pirocess  of  decay,  following  artificial  inoculations 
was  measured  by  Silverborg  (1959) .  He  observed  that  the 
decay  caused  by  F.  ■igniarius  var.  populinus  in  aspen  spread 
about  21  inches  annually,  which  is  much  more  rapid  than  the 
decay  caused  by  certain  other  heart-rotting  species  attack¬ 
ing  hard  v;oods .  Sporophores  appeared  on  the  trees  4  or  5 
years  after  inoculation  (Hirt,  1949;  Silverborg,  1959), 

6.  Community  of  fungi  found  v/ith  Fames  igniarius 

Good  and  Nelson  (1962)  isolated  63  different  fungi  from 
living  poplar  trees,  with  decay  typical  of  that  caused  by 
F.  igniarius  var.  populinus.  Most  of  these  species  v/ere 
v/idely  distributed  in  the  tree  and  showed  no  consistent 
association  with  any  stage  of  decay.  Different  zones  of 
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decay  yielded  19-36  fungi  each;  the  zone  of  early  incipient 
decay  giving  the  largest  number.  Bacteria  were  isolated 
from  every  zone.  Trees  with  stain  but  no  decay  yielded  24 
fungus  species,  15  of  v/hich  were  also  found  in  the  decayed 
trees.  Many  of  these  fungus  species  appeared  to  be  precur¬ 
sors  of  F.  igniavius .  Several  pockets  of  typical  decay  did 
not  yield  F.  igniarius ,  suggesting  that  it  had  been  suppress¬ 
ed  by  competition. 

7.  Morphology  of  the  mycelium  in  wood 

In  the  advanced  stage  of  decay  the  hyphae  of  F,  igniar- 
ius  are  abundant  but  are  not  found  beyond  the  heavily  dis¬ 
colored  invasion  zone.  Initially  the  hyphae  are  stout  but 
later  they  become  very  fine  (about  ly)  and  much  branched. 

They  penetrate  the  walls  of  the  wood  tissue  freely  causing 
large  bore-holes.  It  is  reported  that  zone  lines  are  formed 
which  consist  of  dark,  thick-walled  gnarled  hyphae  (Cart¬ 
wright  and  Findlay,  1958) .  Clamp  connections  have  not  been 
observed  in  the  mycelium  in  the  wood. 

8.  Morphology  of  the  mycelium  in  culture 

The  growth  of  the  mycelium  of  F.  igniavius  in  culture 
has  been  extensively  studied  (Fritz,  1923;  Verrall,  1937; 
Campbell,  1938;  Nobles,  1948,  1958,  1965;  and  Wall,  1962) . 
Hopp  (1936)  reported  much  variation  in  the  morphological 
and  cultural  characteristics  of  F.  igniavius  isolated  from 
the  same  tree  but  he  failed  to  cytologically  distinguish  these 
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variants.  Campbell  (1938)  observed  fruiting  pads  formed  on 
an  agar  slant,  v/hich  v/ere  usually  fine  wooly,  warm  buff  to 
a  ochraceous  buff,  and  the  rest  of  the  mat  was  buckthorn 
brown  to  dresden  brown,  often  v/ith  alternating  light  and 
dark  bands.  He  distinguished  F.  igniarius  from  various 
closely  related  species  on  the  basis  of  a  more  distinctly 
two-zoned  nature  and  the  mycelium  peeling  more  readily  from 
the  agar  leaving  an  attached  whitish  film. 

Nobles  (1948,  1958)  reported  that  there  are  no  clamp 
connections  in  the  mycelium  of  F.  igniarius ,  and  no  asexual 
spores  are  produced.  The  color  of  the  mycelial  mat  is  buff 
to  brown.  The  culture  of  the  growing  fungus  gives  a  positive 
reaction  to  gallic  acid  and  tannic  acid.  She  reported  that 
the  hyphae  from  the  advancing  zone  were  hyaline,  frequently 
branched,  with  inconspicuous  simple  septa,  whereas  aerial 
mycelium  from  the  older  part  of  the  colony  was  composed  of 
(i)  thick  walled,  brov/n-colored ,  aseptate,  very  rarely 
branched  fiber  hyphae,  (ii)  broad  hyphae  with  slightly 
thickened  cell  walls,  brown  in  color  and  (iii)  cuticular 
cells  arising  as  irregular  swellings  on  hyphae.  She 
distinguished  F.  ignia'^'i-us  var.  populinus  from  all  other 
species  on  the  basis  of  a  slow-growing  thick,  wooly  mat  over 
agar  that  remained  unchanged  in  color  or  became  dark  only 
below  isolated  crustose  areas.  The  wintergreen  odor  and  the 
occurrence  on  Populus  species  were  also  distinctive  features 
for  identification. 

In  Verrall's  cultural  studies  (1937)  the  variation  in 
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the  color  and  the  texture  of  the  mycelial  mat  of  the  three 
varieties  was  not  clearly  described.  With  fev/  exceptions, 
variety  populinus  produced  the  m.ethyl  salicylate  or  winter- 
green  odor.  Some  cultures  of  F.  igniarius  var .  igniavius 
also  produced  the  same  odor.  Verrall  reported  that  the 
variety  laevigatus  did  not  produce  the  methyl  salicylate, 
although  Nobles  (1948)  reported  that  variety  laevigatus 
produced  a  strong  wintergreen  odor. 

9.  Physiological  studies 

Mycelial  growth  of  F.  igniavius  has  been  studied  both 
in  liquid-  and  in  agar  media.  Nobles  (1948)  reported  that 
when  grown  in  malt  agar  media  at  room  temperature  F.  igniav¬ 
ius  var.  laevigatus  was  a  comparatively  fast-growing  fungus 
and  the  plates  were  covered  in  tv^o  to  three  weeks  v/hile  F, 
igniavius  var.  populinus  grew  4.2  -  8.5  cm  in  six  weeks, 
Verrall  (1937)  and  Oshima  (1953)  reported  an  optimum 
temperature  of  about  27°C  for  the  growth  of  all  varieties. 
Noecker  (19  3  8)  found  that  thi ami  re  augmented  the  growth  of 
F.  igniavius  on  agar  media.  However,  he  did  not  demonstrate 
a  complete  thiamin  deficiency,  possibly  because  of  the 
presence  of  this  vitamin  in  agar  (Robbins  and  Ma,  1941)  . 
Robbins  and  Hervey  (19  4  8)  obtained  poor  grov/th  of  several 
hymenomycetes ,  including  F.  igniavius ,  on  media  containing 
all  essential  nutrients  and  vitamins  plus  amino  acids  and 
nitrogen  bases.  They  could  increase  growth  considerably  by 
the  addition  of  v;ood  extract,  tomato  juice  or  malt.  They 


Vh 

-M-  ,  ’ 

,  IT/ 


fH-trt  S  ^  -■  v'* 


I  < 


*  :'iA 


'■>  ■- « 


4^1  »• 

J<.J-  ’ 


1 .1 


:  If  * 


»  '  • 


(., 


*<6  J  Vilv*  •  ’ 


^Tv’r- 


• 


»Lf  »4i4iir«eMC| 


i  i  ^ !. 

,,..J,...  .r,.i  >.  .  .-...q-  i- ’E^ 

J.  w  ^ 


•»  .•.•<  .o  ■->  If*  *ih  i 


ffkftr.'  U"”' 

*  - 

•jc  ♦  > 

t 

,■»  •.!;.: 


r.^ 


4f 

€>r- 


•  V* 


ir  A  ^  "4  '  ■  ’.,*  ‘  S  •  ' '  '■  • 


E  t 


\ 

*.  .* ».  t  (.r  r, 

f  f*»-  i  •  i -ijf*  '"N  '/i-  ••  iClrlR' 


■? 


tif.  D€  -**' 

,,•1  Ullk  W 

1'  .f  'I 


h  t 


«''l' I-- 

(l 

■*»■,< i*»  ■■  '  ■  I  :'':i 

I 

l^..j  fl*  '  c  :  r’f^'T  "2/^5 

I  ^ ^  •  • »  ■  j,  >j  •  ^ 

!  -j,j  *  '  i;^»|r‘tnr'i  f 

|?tb'  »f<  ‘  ^  '  ^' 

»  i 

v.*»M  ^  •■ -i .ft 

f.. 


V-. ' 


ltd 


fi 


If 


.  .'i?. 


•*5  ?•  •'■ 


^  jVjpOOIJ 


.f'jco 


'JiTS}^* 


-  ♦  I 


,..  .I'. 


21 


postulated  the  presence  in  the  v/ood-extract  of  a  water 
soluble,  thermostable,  charcoal-adsorbed,  growth-promoting 
substance  which  was  required  for  the  rapid  development  of 
'slow  growing'  wood-inhabiting  fungi  (Robbins  and  Hervey, 
1955)  . 

Most  of  the  work  on  F.  igniavius  has  been  pathological 
and  physiological  in  approach.  Relatively  little  attention 
has  been  paid  to  the  structure  of  the  hyphae  or  effect  of 
environmental  factors  on  growth  and  development  of  the 
mycelium. 
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METHODS  AND  MATERIALS 

The  materials  used  in  these  experiments  were  obtained 
fromi  the  following  sources. 

Elk  Island  National  Park  -  located  25  miles  east  of 
Edmonton.  The  main  trees  in  this  locality  are  poplar,  birch, 
pine  and  spruce.  Fomes  i-gniavius  var.  gogulinus  (Neuman) 
Campbell  was  quite  common  on  the  living  aspen  poplar,  but 
Fomes  igniarius  var.  laevigatus  (Fries)  Overholts  was  found 
only  sporadically  on  the  dead  birch  stumps.  The  sporocarps 
of  both  varieties  v/ere  collected. 

Botanical  Garden,  The  University  of  Alberta  -  situated 
about  25  miles  west  of  Edmonton.  The  naturally  infected 
aspen  poplar  wood  tissue  was  obtained  from  this  locality. 

In  addition,  sound  wood  blocks  from  healthy  poplar  and  birch 
trees,  10  years  old,  were  obtained  for  inoculation. 

Prince  Albert,  Saskatchewan  -  this  area  is  382  miles 
east  of  Edmonton  city.  The  naturally  infected  wood  of  birch 
v/as  obtained  from  this  locality. 

Cultures  of  Fomes  igniarius  were  derived  from  the  sporo- 
carp  context  of  one  collection  and  were  grown  on  a  2%  malt- 
agar  medium  at  27°C.  The  identification  of  the  two  varieties 
of  this  fungus  was  made  on  the  basis  of  host,  sporocarp  and 
cultural  characteristics  using  the  descriptions  of  Overholts 
(1953)  and  Nobles  (1948).  The  stock  cultures  were  stored 
at  5°C  on  the  same  medium  in  test  tubes  and  were  frequently 
transferred  at  about  25-35  day  intervals. 
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A.  Study  of  Wood  Sections 

Fames  igniavius  variety  populinus  and  variety  laevigatus 
were  grown  on  2%  malt-agar  in  100x80  culture  jars.  For  each 
variety  ten  cultures  were  prepared  and  incubated  in  the  dark 
at  27 °C  to  obtain  maximum  growth.  Twelve  days  after  inocula¬ 
tion,  1  inch^  blocks  of  steam  sterilized  heartwood  from 
living  and  sound  poplar  and  birch  trees  were  transferred  to 
the  jars.  Aspen  poplar  blocks  were  placed  in  the  jars 
inoculated  with  variety  populinus  and  birch  wood  blocks  in 
the  jars  inoculated  with  variety  laevigatus .  The  blocks 
were  put  vertically  in  the  centre  of  the  culture  jars  on  the 
mycelial  mats  and  incubated  at  27°C  in  the  dark.  Controls 
were  established  for  both  varieties  by  incubating  sample 
blocks  on  malt-agar. 

Two  months  after  incubation  the  wood  blocks  v/ere  removed 
and  the  mycelial  mats  cleaned  off  with  distilled  water. 

Each  block  was  cut  in  half  with  an  electric  saw  and  heated 
to  just  below  the  boiling  point  for  15-20  minutes  in  a  3:3:1 
mixture  of  95%  alcohol,  distilled  water  and  glycerine  (Boyce, 
1918)  so  as  to  soften  the  wood. 

Sections,  15-20]j  in  thickness,  were  cut  with  the  slid¬ 
ing  microtome.  The  staining  procedure  used  by  Cartwright 
(1929)  v/as  followed  with  some  modifications.  The  sections 
were  stained  in  1%  aqueous  solution  of  safranine  for  lh-2 
minutes  and  thoroughly  rinsed  with  distilled  water.  Then 
the  sections,  while  still  moist,  were  dipped  in  picro- 
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aniline  blue  prepared  by  mixing  25  ml  of  saturated  aqueous 
aniline  blue  and  100  ml  of  saturated  picric  acid.  The 
stained  sections  were  heated  to  the  point  of  simmering  on  a 
hot  plate.  They  were  again  thoroughly  v/ashed  with  distilled 
water,  dehydrated  in  an  ascending  series  of  30%  to  90% 
alcohol  and  finally  twice  in  absolute  alcohol.  The  timing, 
which  varied  from  lh~2  minutes ,  in  the  alcohol  series , 
depended  upon  the  thickness  of  the  section  and  the  intensity 
of  the  staining.  Next,  the  sections  were  placed  for  2-3  min¬ 
utes  in  the  clearing  agent  consisting  of  a  mixture  of  25  ml 
of  xylene,  25  ml  of  alcohol  and  50  ml  of  clove  oil.  This 
step  was  followed  by  washing  in  1:1  alcohol  and  xylene  for 
1^2-2  minutes,  and  finally  in  absolute  xylene.  The  mounting 
media  used  was  permount.  Sections  of  naturally  infected 
wood  were  prepared  in  the  same  manner. 

B.  Cultural  Studies 

1.  Solid  Media 
a.  Malt-agar  media 

The  malt-agar  medium,  used  by  most  of  the  workers  for 
the  study  of  this  fungus  [Verrall  (1937)  ,  Nobles  (1948)  , 

Wall  (1962)]  v/as  used  with  slight  variation  in  the  amount  of 
agar  and  malt  extract.  The  medium  contained:  agar  20  g, 
malt  extract  20  g,  dextrose  20  g,  peptone  1  g,  and  1  liter 
distilled  water.  The  medium  was  autoclaved  at  15  lb.  press¬ 
ure  for  20  minutes .  The  materials  used  for  the  medium  were 
Difco  'Certified'  products. 
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The  effect  of  temperature  on  growth  and  mycelial 
development  on  this  medium  was  studied.  The  inoculum  of  the 
fungus  v/as  grov/n  on  2%  malt-agar  medium  for  12  days  in  the 
dark  at  27°C  and  was  taken  for  inoculation  from  the  growth  at 
the  periphery  of  the  petriplates  with  a  sterilized  cork 
borer.  Sixty,  9  cm  petriplates  were  used  in  this  experiment. 
Twenty-five  ml  of  sterilized  medium  were  poured  into  the 
sterilized  petriplates.  These  plates  were  inoculated  in  the 
centre  with  4  mm  discs  of  the  inoculum.  After  inoculation, 
the  plates  were  incubated  in  the  dark  at  15®,  21°,  24°,  27°, 
34°C  and  at  room  temperature  (20-23°C).  Five  petriplates 
V7ere  used  for  each  of  the  temperature  x  variety  treatments . 
The  colony  diameter  was  radially  measured  every  5th  day  for 
40  days  starting  5  days  after  inoculation.  Unless  otherwise 
specified,  the  growing  of  the  inoculum,  and  recording  of  the 
observations,  V7as  done  in  the  manner  described  above.  Five 
grams  of  gallic  (or  tannic)  acid  were  added  to  malt-agar 
medium  to  test  for  the  production  of  extracellular  oxidase. 

b.  Wood  Media 

The  wood  medium  was  malt-agar  medium  V7i th  sterilized 
chips  of  Aspen  poplar  added  to  it.  The  medium  was  poured 
into  the  sterilized  petriplates  and  a  small  autoclaved  wood 
chip  was  added.  This  was  done  to  simulate  the  natural  sub¬ 
stratum  so  that  the  variety  populinus ,  which  is  a  slow-grow¬ 
ing  fungus,  might  grow  faster.  This  procedure  was  not 
necessary  in  case  of  fast-growing  variety  laevigatus . 
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a.  Chemically  defined  medium 

A  chemically  defined  medium  was  used  to  study  the  effect 
of  various  carbon  sources  on  growth  of  the  two  varieties  of 
Fames  igniarius  .  This  v/as  a  modified  Linderberg's  medium 
(Sedlmayr  et  al .  ,  1961)  and  contained: 

Major  nutrients  -  Dextrose  -  8.0  g 

NH4-tartrate  -  5.0  g 


KH2PO4 


"•  1.0  g 


MgS04  ’  7H2O  -  0.5  g 


Vitamins 


Fed  3 

1 

mg 

ZnS04 

1 

mg 

MnClz 

0.5 

ml 

(0  .  IM) 

CaClz 

0 

• 

LO 

ml 

( 0  .  IM) 

Thiamine-HCl  - 

100 

yg 

Biotin 

5 

yg 

Distilled  water 

to 

1  liter. 

The  minor  nutrients  and  vitamins  were  made  up  in  stock 
solution  and  stored  at  5°C.  In  addition  to  dextrose,  three 
other  carbon  sources,  maltose,  carboxyl  methyl  cellulose  and 
cellobiose  were  used.  Each  medium  was  adjusted  to  pH  5.0 
with  IN  KOH . (Beckman  Zeromatic  SS-3  pH  meter) . 

The  inoculum  for  both  varieties  was  grown  on  2%  malt- 
agar  as  described  earlier  (Page  25  ) .  The  Erlenmeyer  flasks 
containing  25  ml  of  sterilized  synthetic  medium  v/ere  inocul¬ 
ated  with  4  mm  discs  of  inoculum.  Care  was  taken  to  ensure 
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that  the  inoculum  floated  on  the  medium.  Sterile,  disposable 
foam  plugs  were  used  for  closure,  and  these  were  covered  with 
aluminium  foil  to  reduce  evaporation.  VJithin  one  hour  after 
inoculation  the  flasks  were  transferred  to  the  dark  growth 
chamber  and  maintained  at  27®C.  Twenty-six  flasks  were  used 
for  each  of  the  variety  x  c-source  treatment  and  for  each 
observation  three  flasks  were  chosen  at  random.  The  experi¬ 
ment  was  repeated  once. 

The  growth  of  the  fungi  was  measured  as  mg  dry  weight 
of  mycelium/flask.  The  dry  weight  of  the  inoculum  was  obtain¬ 
ed  by  using  preweighed  filter  papers  No.  615  Eaton-Dickmon 
tared  for  separation  of  the  mycelium.  Each  mycelial  mat  was 
washed  with  100  ml  of  distilled  water  to  remove  the  residue 
of  the  malt-agar  media.  It  was  then  air  dried  and  finally 
kept  in  an  oven  at  95-100 °C  for  2  hr.  The  dried  filter  papers 
with  the  mycelial  mat  were  cooled  in  a  desiccator  and  later 
weighed.  This  was  repeated  once.  Likewise,  tlie  dry  weight 
of  the  mycelium  from  various  carbon  sources  was  similarly 
measured,  except  that  each  mycelial  mat  was  washed  with  300 
ml  of  distilled  water  to  remove  any  residue  of  the  media, 
and  finally  oven  dried  for  24  hr.  The  results  reported  for 
each  harvest  are  the  average  of  6  replicate  flasks . 

b.  Malt  extract  medium 

The  malt  extract  medium  had  the  same  composition  as  the 
malt--agar  medium  except  that  agar  was  omitted.  This  liquid 
medium  was  used  to  study  the  effect  of  temperature  on  growth, 
and  the  effect  of  shake  and  still  culture  on  growth  in  the 
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tv7o  varieties  of  F.  igniavius  . 

i)  Effect  of  temperature  on  growth 

A  growth  study  was  conducted  at  15°,  21°,  24°,  27°,  34°C 
and  at  room  temperature  (20~23°C) .  The  growth  was  measured 
as  the  dry  weight  of  the  mycelium/flask.  Twenty-five  ml  of 
malt  extract  were  poured  into  125  ml  Erlenmeyer  flasks ,  and 
autoclaved  for  20  minutes  at  15  lb.  pressure.  The  inocula 
were  prepared  in  the  manner  described  on  page  25  .  After 
inoculation,  the  flasks  were  transferred  to  growth  chambers, 
which  were  dark  and  maintained  at  the  desired  temperatures . 
The  observations  were  made  as  described  earlier  (Page  27)  . 

ii)  Effect  of  shake  and  still  culture  on  growth 

To  determine  the  amount  of  mycelium  produced  by  the  two 
varieties  of  Fames  igniarius  in  shake  culture,  the  method  of 
V7ard  and  Colotelo  (1960)  was  followed.  The  varieties  were 
grown  in  250  ml  wide  moutli  Erlenmeyer  flasks  .  Each  flask 
contained  50  ml  of  liquid  malt  extract  medium  and  was  inocul¬ 
ated  with  1  ml  aliquot  of  homogenized  mycelium.  The  dry 
weight  of  1  ml  aliquot  v/as  approximately  2.0  mg.  Fifteen- 
day-old  still  cultures  grov/ing  on  the  malt  extract  liquid 
medium  at  room  temperature  were  used  as  the  source  of  inocul¬ 
um.  The  culture  mtedium  was  decanted  and  the  mycelium,  while 
still  in  the  flasks,  was  thoroughly  washed  3  times  with  100 
ml  of  sterilized  distilled  water.  The  flasks  were  then  clos¬ 
ed  with  sterile  foam  plugs .  The  washed  mycelial  mats  were 
transferred  to  an  alcohol-sterilized  homogenizer  and  then 
blended  at  maximum  speed  for  90  seconds  with  30  ml  of  steril- 
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ized  distilled  water.  The  homogenates  were  transferred  into 
sterilized  flasks  and  stored  at  0°C.  One  ml  sample  of  the 
homogeneous  mixture  was  pipetted  on  tared  and  previously 
weighed  filter  papers,  washed  with  distilled  water,  air  dried, 
and  transferred  to  an  oven  at  95  -100°C  for  2  hr.  They  were 
then  cooled  in  a  desiccator  and  weighed.  The  average  dry 
weight  of  the  mycelium/ml  aliquot  was  determined.  On  this 
basis  a  calculated  amount  of  sterilized  distilled  water  was 
added  to  tlie  homogeneous  mixture  stored  at  0°C  such  tiiat  the 
dry  weight  of  the  mycelium  was  equivalent  to  2.0  mg/ml.  The 
flasks  were  then  inoculated  with  1  ml  of  aliquot.  All  tliese 
steps  were  conducted  aseptically.  Cultures  were  incubated  at 
room  temperature  (20”23°C)  on  a  Hoover  Shaker  having  260 
oscillations  per  minute.  The  cultures  were  harvested  every 
five  days,  starting  ten  days  after  inoculation,  for  a  period 
of  40  days .  To  separate  the  mycelium,  the  culture  medium 
was  centrifuged  at  32,000  x  g  for  4  minutes.  The  mycelial 
balls  were  washed  three  times  by  suspending  them  in  cold 
deionized  water.  In  each  cycle  the  water  was  removed  after 
centrifugation.  The  mycelial  balls  were  transferred  on 
previously  dried  and  weighed  filter  papers.  These  were 
dried  again  at  95-100 °C  for  24  hours  and  weighed. 

For  still  culture  50  ml  of  malt  extract  medium  was  pour¬ 
ed  into  250  ml  wide  mouth  Erlenmeyer  flasks,  autoclaved,  and 
then  inoculated  with  4  mm  discs .  The  inoculum  was  grown  at 
room  temperature  and  the  experiment  was  carried  out  at  room 
temperature.  The  initial  observations  were  made  10  days 
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after  inoculation. 

C.  Microscopic  Studies 

1.  Light  Microscopy 

For  light  microscope  studies  the  fungi  were  grown  on  a 
2%  malt-agar  medium  at  10°,  15°,  21°,  and  27°C  and  observed 
at  3-day  intervals,  starting  five  days  after  inoculation,  up 
to  26  days.  Aerial  mycelium  from  tlie  advancing  zone,  the 
centre  of  the  colony  and  near  the  inoculum  point  was  examined. 
The  submerged  mycelium  was  also  studied.  To  observe  the 
detail  of  the  hyphae  the  mycelium  was  stained  in  1%  aqueous 
solution  of  phloxine-B  and  3%  potassium  hydroxide.  This 
experiment  was  repeated  once  and  was  conducted  with  both 
varieties.  In  addition,  the  mycelia  growing  in  shake  and 
still  cultures,  were  observed  under  the  light  microscope, 
but  not  at  definite  intervals . 

2.  Electron  Microscopy 

The  two  varieties  of  Pomes  igniarius  were  grown  in  malt 
extract  liquid  medium  and  1%  and  2%  malt-agar  medium  at  27°C 
for  ultrastructural  studies .  The  mycelium  for  fixation  was 
taken  from  tlie  advancing  zone  and  from  the  centre  of  the 
colony.  Submerged  mycelium  was  also  fixed  so  that  all  the 
different  types  of  hyphae  would  be  present. 

Two  methods  of  fixation  were  used.  The  first  method 
involved  a  double  fixation  by  glutaraldehyde  and  osmium 
tetroxide.  Glutaraldehyde  was  originally  employed  as  a 
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fixative  for  electron  microscopic  studies  by  Sabatini, 

Bensch,  and  Barrnett  (1962)  and  was  found  to  be  superior  to 
several  other  aldehydes.  In  tiiis  study  the  fixation  was 
carried  out  for  3  hours  in  1:1,3%  glutaraldehyde  suspended  in 
0.15  M  Sorenson's  phosphate  buffer,  pH  7.2  and  formaldehyde. 
To  prevent  a  reduction  of  osmium  tetroxide  by  tlie  glutaralde¬ 
hyde,  the  mycelium  was  rinsed  in  several  changes  of  buffer. 

It  was  then  post  fixed  in  2%  solution  of  osmium  tetroxide  in 
phosphate  buffer  (0.15M)  for  2  hours  at  room  temperature. 

The  second  method  for  fixation  involved  the  use  of  potassium 
permanganate.  Potassium  permanganate  was  first  used  as  a  fix¬ 
ative  by  Luft  (1956) .  Later,  Mollenhauer  (1959)  observed 
that  well  preserved  cell  structure,  particularly  tlie  membrane 
system,  was  obtained  by  using  2-5%  unbuffered  solution  of 
potassium  permanganate  at  room  temperature.  In  this  study, 
the  mycelium  was  fixed  in  a  freshly  prepared  3%  aqueous 
solution  of  unbuffered  potassium  permanganate  for  Ih  ~ 
hours  at  room  temperature . 

The  materials  were  dehydrated  according  to  the  follow¬ 
ing  schedule: 

30%  ETOH  -  15  minutes 
50%  ETOH  -  15  minutes 
70%  ETOH  -  15  minutes 
85%  ETOH  -  15  minutes 
95%  ETOH  -  15  minutes 
Absolute  ETOH  -  2  x  15  minutes  ■ 

Araldite,  as  described  by  Malhotra  and  Eakin  (1967) ,  was 
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used  as  the  embedding  medium.  Following  dehydration,  tiie 
tissues  were  transferred  to  propylene  oxide  (two  changes  for 
15  minutes  each) .  A  1:1  mixture  of  fresh  propylene  oxide  and 
araldite  was  poured  over  tlie  material.  The  araldite  material 
consisted  of:  23  ml  DDSA  (Dodec.yl  succinic  anhydride)  ,  27 
ml  araldite  502  and  1  ml  DMP30  (Dimethyl  aminomethyl  phenol) . 

The  mycelium  was  allowed  to  remain  for  16  hours  in  a 
dust  free  area  in  covered  vials .  The  araldite -propylene 
oxide  mixture  remaining  in  the  vials  at  the  end  of  this 
period  was  carefully  drained  off  and  a  fresh  araldite  mixture 
added.  The  mycelium  V7as  kept  in  this  mixture  for  one  hour. 

It  was  then  transferred  into  gelatine  capsules  filled  with  a 
fresh  mixture  of  araldite.  The  capsules  V7ere  placed  in  an 
oven  at  35 °C  for  one  hour  to  allow  air  bubbles  to  rise  to 
the  surface.  At  this  stage,  tissue  orientation  was  also 
carried  out  wherever  necessary.  The  capsules  were  then  plac¬ 
ed  in  an  oven  for  48  hours  at  60 °C. 

After  polymerization  and  curing,  longitudinal,  tangent¬ 
ial  and  cross  sections  v/ere  cut  with  a  glass  knife  at  600- 

O 

lOOOA  on  a  Porter-Blum  microtome.  The  sections  were  collect¬ 
ed  in  a  10  percent  solution  of  acetone  in  distilled  water, 
expanded  by  chloroform  vapors  and  picked  up  on  formvar  coated 
200-mesh  grids. 

In  order  to  intensify  the  contrast,  sections  were  float¬ 
ed  on  droplets  of  stain  placed  on  dental  wax  sheets  with  tlie 
section  side  down.  The  specimens  were  stained  in  a  2%  sol¬ 
ution  of  uranyl  acetate  pH  4.8  (Huxley  and  Zubay,  1961)  for 
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two  hours  ,  followed  by  lead  citrate  for  3  to  5  rainutes  . 

The  KMn04  fixed  sections  were  similarly  dehydrated, 
embedded  and  stained. 

A  Philips  EM  lOOB  electron  microscope  with  an  objective 
aperture  of  25y  was  used.  Electron  micrographs  were  taken 
on  35  mm  Kodak  film  P426  at  an  initial  magnification  of  4500- 
12,000X.  These  negatives  were  furtlier  enlarged  photograph¬ 
ically  as  desired. 
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OBSERVATIONS 


A.  The  mycelium  in  the  natural  environment 
Fames  igniarius  var .  pogutinus 

The  mycelium  of  Fames  igniarius  var.  papulinus ,  whether 
observed  in  the  naturally  infected  or  inoculated  aspen  wood, 
has  essentially  the  same  features.  The  mycelium  was 
concentrated  mainly  in  the  heartwood  but  will  grow  in  the 
sapwood,  at  least  in  inoculated  wood  blocks.  The  dark  brown 
zone  lines  similar  to  those  formed  in  other  white  rot  fungi 
were  observed  in  aspen  wood  blocks .  In  naturally  infected 
wood  regular  dark  colored  zone  lines  were  observed  between 
the  sapwood  and  the  heartwood.  However,  in  the  inoculated 
heartv70od  blocks  circular  and  scattered  zone  lines  developed. 
These  zone  lines  consist  mostly  of  cuticular  cells*  in 
compact  form.  These  cells  are  irregular  in  shape  and  size, 
brown  to  dark  brown  in  color,  thick-walled,  branched  and 
irregularly  septate.  The  cuticular  cells  are  observed  in  all 
kinds  of  wood  tissue  -  such  as  xylem  rays,  vessels  and  wood 
fibers  (Figure  2,  page  56) . 

Fiber  hyphae,  which  are  thick-walled,  brov/n  in  color 
and  occasionally  branched,  v/ere  sometimes  observed  in  zone 
lines  (Figure  5,  page  57).  Fiber  hyphae  are  ocassionally 
seen  scattered  in  vessels  and  wood  fibers.  The  diameter  of 


*  Colony  and  hyphal  terminology  is  that  of  Nobles  (1958) . 
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the  fiber  hyphae  varies  from  1.5  to  3.5  y ,  with  v/all  thick¬ 
ness  of  0.65  to  1.3  y. 

Thin-walled  hyphae  observed  in  the  naturally  infected 
wood  tissue  were  freely  branched  and  ranged  in  diameter  from 
0.75  to  3.0  y.  The  hyphae  vzere  present  in  all  kinds  of  cells 

They  usually  grov/  from  one  cell  to  another  through  bordered 

pits.  However,  hyphae  penetrating  only  the  border  part  of 
a  pit  were  seen  in  some  sections  (Figure  4,  page  57) . 

General  dissolution  of  bordered  pits  and  the  cell  v/all, 
presumably  by  the  enzymes  produced  by  the  fungi,  was  observed 
(Figure  4,  page  5  7)  .  The  hyphae  were  coiiamonly  seen  in  the 
bore-holes  v/hich  they  had  made  (Figure  7,  page  5  8)  .  The  bore 
holes  were  usually  large  enough  for  many  hyphae  to  be  present 
and  still  leave  free  space.  The  widening  of  the  holes  is 
probalDly  due  to  the  action  of  enzymes  produced  by  the  fungi 
acting  on  tlie  walls  of  the  wood  cells.  In  the  early  stage  of 

wall  penetration  the  hyphae  are  very  thin,  but  after  penetra¬ 

tion  is  complete  they  expanded  to  the  usual  size.  Plyphae 
passing  through  ray  cells  and  plugging  the  spring  and  summer 
wood  v/ere  readily  observed  in  transverse  sections  (Figure  6, 
page  58) .  However,  the  branching  of  the  hyphae  and  their 
path  through  vessels  and  wood  fibers  are  brought  out  more 
clearly  in  the  longitudinal  sections  especially  in  radial 
sections . 

In  the  inoculated  wood  of  aspen  poplar  the  hyphal 
characteristics  and  their  growth,  branching,  etc.,  were 
essentially  similar  to  that  observed  in  naturally  infected 
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wood  tissue.  However,  the  thin-walled  hyphae  were  compara¬ 
tively  larger  in  size  and  their  diameter  ranged  from  0.75  to 
3.70  y .  They  were  not  so  profusely  formed  as  in  naturally 
infected  wood  tissue.  The  fiber  hyphae  were  very  rarely 
observed  in  inoculated  wood. 

Fames  igniarius  var .  taevigatus 

The  mycelium  of  F.  igniavius  var.  taevigatus  was 
observed  in  naturally  infected  and  inoculated  birch  heartwood. 
The  cuticular  cells  were  found  in  abundance  forming  zig-zag 
zone  lines  (Figure  8,  page  59)  and,  as  was  the  case  in 
variety  poputinus ,  v/ere  present  in  all  kinds  of  cells.  The 
cuticular  cells  found  both  in  the  naturally  infected  and 
inoculated  wood  tissue  were  larger  in  size  tl'ian  those  found 
on  malt-agar  medium.  These  cells  were  oval  to  irregular  in 
shape  (Figure  9,  page  59)  ,  brov/n  to  dark  brov/n  in  color, 
irregularly  septate  and  thick-walled.  These  cells  develop 
in  a  very  compact  formation  producing  a  characteristic  dark 
area  in  the  wood  section.  An  individual  cell  appeared  to  be 
devoid  of  cell  contents. 

The  thin-walled  narrow  hyphae,  characteristic  of  this 
variety,  v/ere  abundant  in  the  wood.  They  were  hyaline,  very 
frequently  branched,  septate  and  did  not  possess  clamp 
connections  (Figure  3,  page  56)  .  The  branches  ^lrose  at  acute 
angles  in  most  cases  but  branching  at  right  angles  or  even 
at  obtuse  angles  was  not  uncommon.  Narrow  hyphae  range  in 
diameter  from  0.75  to  2.6  y .  These  hyphae  were  observed 
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passing  through  bordered  pits,  through  the  cell  wall  (Figure 
3,  page  56)  and  in  bore-holes  (Figure  10,  page  60) .  Further¬ 
more,  these  hyphae  were  observed  in  all  kinds  of  cells 
(Figure  3,  page  56) . 

Broad  hyphae,  v/hich  range  in  diameter  from  2.5  to  4.5  y, 
were  occasionally  seen  in  some  sections .  They  were  thin- 
walled,  septate  and  branched.  Fiber  hyphae  were  observed 
very  rarely.  They  range  in  diameter  from  1.5  to  3.0  y  and 
are  thick-v/alled  with  a  narrow  lumen  (Figure  11,  page  60)  . 

Inoculated  birch  wood  blocks  had  the  same  kinds  of 
hyphae  with  similar  features  to  those  already  described  for 
naturally  infected  wood.  In  inoculated  birch  wood  blocks, 
however,  the  diameter  of  the  narrow  hyphae  ranged  from  0.75 
to  3.0  y.  They  were  comparatively  fevzer  in  number  than  in 
the  naturally  infected  wood. 

B.  The  mycelium  in  the  cultural  environment 

Fames  igniavius  var.  gogutinus 

1.  Growth  on  solid  media 
a.  Malt-agar  medium 
(1)  Growth  at  27°C. 

The  mycelium  grows  very  slowly  and  the  radius  of  the 
colony  in  six  weeks  was  8.1  -  8.8  cm.  At  first  the  advancing 
zone  was  even,  but  after  three  to  four  weeks  it  became  bayed 
(Figure  13,  page  61).  In  the  dark,  the  hyphae  were  initially 
cream-colored,  but  later  they  became  yellow,  then  buff, 
follov/ed  by  light  brov/n,  clay  color  to  tawny  olive  and  finally 
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dark  brov/n  in  color.  The  mycelium  was  raised,  thick  and 
wooly,  frequently  growing  to  the  top  of  pe triplates  near  the 
inoculum  and  sloping  gradually  towards  the  edge.  The 
reverse  (color  changes  in  agar  induced  by  growth  of  the 
mycelium)  which  was  unchanged  in  color,  showed  conspicuous 
zones  and  radiating  lines .  The  mat  peeled  from  malt-agar 
easily  leaving  a  white  bloom.  The  mycelium  gave  a  strong 
wintergreen  odor  when  grown  on  malt-agar  medium.  On  gallic 
and  tannic  acid  agars  the  diffusion  zones  were  V7eak  to 
moderately  strong  and  no  grov/th  was  observed  on  either  medium. 

The  hyphae  of  the  advancing  zone  (marginal  hyphae)  were 
hyaline,  thin-walled  and  full  of  protoplasm.  They  were 
frequently  branched  and  possessed  simple  septa.  Invaginations 
and  constrictions  in  the  thin-walled  hyphae  v/ere  occasionally 
noticed.  Thin-walled  hyphae  ranged  from  1.5  to  4.5  p  in 
diameter.  The  cell  wall  thickness  varied  from  0.2  -  0.5  y . 
Sometimes  pointed,  hook-shaped  hyaline  structures  v/ere 
observed  at  the  tips  of  the  thin-walled  hyphae.  Branching 

t 

of  the  thin-walled  hyphae  was  in  acropetal  succession;  the 
form  of  branching  being  monopodial.  Branches  usually 
developed  singly,  but  occasionally  branches  v/ere  observed  in 
pairs  and  whorls.  The  main,  secondary,  tertiary  and  other 
branches  all  continue  to  grow  indefinitely  (Figure  15,  page 
62) .  The  marginal  branches  tended  to  grow  away  from  other 
branches.  Most  of  the  branches  originated  at  an  acute  angle 
from  the  main  branch,  although  branches  arising  at  right 
angles  and  obtuse  angles  were  observed  occasionally.  In  most 
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cases,  the  new  branch  was  given  out  iminediately  behind  the 
septum,  but  occasionally  branches  arose  in  other  regions  of 
the  parent  hypha.  Furthermore,  there  were  many  septa  without 
associated  branches.  Distance  between  the  septa  was  variable 
The  septa  near  the  hyphal  base  were  located  at  distances  of 
8  y  to  45  y,  while  those  at  the  distal  end  were  50  y  to  75  y 
or  more  apart. 

Aerial  mycelium  (mycelium  exclusive  of  the  advancing 
zone)  consisted  of  thin-walled  hyphae,  fiber  hyphae  and 
cuticular  cells  (Figure  14,  page  62).  The  thin-walled  hyphae 
had  the  same  features  as  those  of  the  advancing  zone.  Hyphal 
anastomosis  was  commonly  observed  in  the  thin-walled  hyphae. 
The  branches  in  the  centre  were  interwoven. 

Fiber  hyphae  constituted  the  major  portion  of  the  aerial 
mycelium  in  older  cultures .  These  hyphae  originated  from 
thin-v/alled  hyphae  and  at  the  point  of  origin  there  was  a 
simple  septum  (Figure  16,  page  6  3)  .  Fiber  hyphae  vzere  brown 
to  dark  brown  in  color  with  a  very  thick  cell  wall  and  a 
narrow  lumen.  The  young  fiber  hyphae  had  cytoplasm  and 
relatively  thin  walls,  while  the  older  fiber  hyphae  lacked 
cell  contents  and  possessed  very  thick  walls.  Fiber  hyphae 
were  not  generally  branched  in  variety  populinus ,  but  when 
the  branches  were  present,  they  arose  at  acute  to  right 
angles.  These  hyphae  varied  in  diameter  from  1.5  to  4.5  y 
and  the  cell  wall  varied  in  thickness  from  0.5  to  1.5  y. 

The  tips  of  the  fiber  hyphae  were  comparatively  wider  (1.7  to 
4.8  y)  than  the  rest  of  the  hyphae.  Pointed  hook-shaped 
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hyaline  structures  were  sometimes  observed  at  the  tips  of  the 
fiber  hyphae  similar  to  those  seen  in  tliin-walled  hyphae . 
Expansion  of  the  fiber  hyphae  were  repeatedly  observed  in 
culture  and  the  expanded  portions  were  comparatively  darker 
in  color  than  tlie  rest  of  the  hyphae.  After  expansion,  the 
hyphae  usually  continued  their  growth  resuming  normal  shape 
but  sometimes,  they  terminated  with  the  expanded  portion 
which  was  either  circular  or  oblong.  The  length  and  v/idth  of 
the  expanded  part  of  the  fiber  hyphae  ranged  from  9.0  -  30.0  y 
X  3.5  -  15.75  y.  In  a  single  fiber  hypha  the  cell  wall 
thickness  varied  from  0.5  to  1.7y  and  was  uneven  in  appear¬ 
ance.  Sometimes  the  v/alls  were  so  thick  that  there  was  no 
lumen  present.  The  fiber  hyphae  v/ere  rarely  septate. 

Cuticular  cells  originated  from  thin-v/alled  hyphae  as 
irregular  swellings  and  were  initially  thin-v/alled,  hyaline, 
branched  and  very  frequently  septate  (Figure  17,  page  63) , 

At  later  stages  of  development  they  became  thick-v/alled  and 
brown  to  dark  brov/n  in  color.  They  ranged  in  diameter  from 
1.5  to  7.5  y.  The  older  cells  were  devoid  of  protoplasm, 
but  the  young  cells  had  protoplasm.  Cuticular  cells  did  not 
have  any  particular  shape  and  varied  from  circular  to  oblong 
in  outline.  Usually  these  cells  were  scattered  in  the 
mycelium,  but  sometimes  they  grew  in  compact  manner  and 
formed  a  pseudoparenchyma. 

The  submerged  mycelium  was  composed  of  the  same  kinds 
of  cells  as  the  aerial  mycelium.  However,  cuticular  cells 
and  thin-v/alled  hyphae  v/ere  more  common  than  fiber  hyphae. 
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(2)  Effect  of  variation  in  temperature 

i.  On  growth  of  the  mycelium 

The  mycelial  growth  at  15°,  21°,  24°,  27°,  34°C  and 
at  room  temperature  (20-23°C)  was  studied  during  a  40-day 
period  by  measurement  of  colony  diameter  (Figure  18,  page  64) 
The  growth  was  more  rapid  between  the  temperatures  of  21  to 
27°C.  The  changes  in  the  color  of  the  mycelium,  already 
described  for  the  cultures  growing  at  27 °C,  were  seen  to 
occur  at  all  the  temperatures.  These  changes  in  color  were 
more  rapid  in  the  fungus  growing  at  higher  temperatures  (21- 
34°C)  . 

ii.  On  hyphal  structure 

The  structure  and  development  of  mycelium  was  observed 
at  10°,  15°,  21°  and  27°C.  Seventeen  days  after  inoculation 
very  little  growth  of  the  thin-walled  hyphae  was  observed  at 
10°C.  After  another  three  days  cuticular  cells  v\7ere  seen. 
Fiber  hyphae  were  not  observed  at  this  temperature.  Thin- 
walled  hyphae  and  cuticular  cells  had  the  same  characteristic 
features  as  already  described  for  growth  at  27°C.  The  septa 
in  a  thin-walled  hypha  occurred  at  intervals  of  3.5  y  to  40  y 
but  usually  were  at  a  distance  of  12.5  to  21.0  y.  At  15°C, 
there  was  discernible  grov/th  of  mycelium  of  thin-walled 
hyphae  five  days  after  inoculation,  but  cuticular  cells  and 
fiber  hyphae  were  not  observed  before  17  days  and  26  days 
after  inoculation  respectively.  At  10°  and  15°C,  in  cultures 
20  days  old,  over  half  the  aerial  and  submerged  hyphae  were 
cuticular  cells.  At  21°C,  measurable  growth  of  thin-v/alled 
hyphae  was  observed  5  days  after  inoculation.  The  cuticular 
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cells  and  fiber  hyphae  were  observed  after  11  days  of  growth. 
In  the  aerial  mycelium  thin-walled  hyphae  were  num.erous  in 
the  early  stages  of  grov/th,  but  after  2  3  days  more  fiber 
hyphae  were  observed.  The  branching,  septation,  hyphal 
anastomosis,  hyphal  constriction,  etc.,  at  the  various 
temperatures  v/ere  similar  to  that  observed  in  grov/th  at  2  7°C. 
Hyphal  expansion  in  fiber  hyphae  was  observed  23  days  after 
inoculation  only  at  21°  and  27°C.  Expanded  fiber  hyphae  had 
similar  features  to  those  described  on  page  40. 

b.  Growth  on  wood  medium 

The  addition  of  slices  of  aspen  heartv/ood  to  malt-agar 
plates  resulted  in  more  rapid  mycelial  growth  of  F.  igniarius 
var .  populinus  than  v/as  obtained  on  malt-agar  (Figure  19, 
page  65) .  In  all  the  plates  the  fungus  was  growing  over  the 
wood  slices  and  the  mycelial  growth  v/as  raised  and  more 
luxuriant  than  on  malt-agar  alone.  However,  the  mycelial 
structure  was  similar  to  that  described  for  grov/th  on  malt- 
agar  at  27°C. 

2.  Growth  in  liquid  media 
(1)  Malt  extract  medium 

i.  Effect  of  shake  and  still  culture  on  growth 

The  growth  of  the  mycelium  in  the  shake  and  still 
cultures  was  recorded  as  dry  weight  in  mg  per  flask  as  shown 
in  Figure  20,  page  66.  In  still  culture  the  mycelial  growth 
increased  up  to  30  days  after  inoculation  and  then  showed  a 
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decline  in  the  dry  v/eight.  Likewise  in  shake  culture,  the 
mycelium  increased  during  the  first  35  days  after  inoculation 
and  then  showed  a  gradual  decrease  in  weight.  When  the 
grov/th  under  the  two  methods  (shake  and  still  culture)  of 
culture  was  compared  it  was  found  that  there  was  significantly 
less  growth  in  static  culture.  The  difference  in  the  dry 
weight  of  the  mycelium  grov/n  under  the  two  methods  of  culture 
increased  with  increase  in  time,  reaching  a  maximum  at  35 
days  after  inoculation.  There  was  a  slight  decrease  in  this 
difference  in  the  next  five  days.  This  decrease  in  difference 
was  mainly  due  to  a  greater  decline  in  dry  weight  in  the 
shake  culture  as  compared  to  the  decline  in  the  static  culture 
during  this  period.  The  lag  phase  in  the  static  culture  was 
prolonged  (10  days)  and  was  more  marked  than  in  the  shake 
culture . 

In  shake  culture  the  mycelium  aggregated  into  small 
balls  of  generally  uniform  dimensions.  Except  for  the 
absence  of  the  expanded  fiber  hyphae,  the  mycelium  grown  in 
shake  culture  was  similar  to  that  already  described  under 
growth  at  27 °C  (malt-agar) .  A  characteristic  feature  of  the 
mycelium  in  shake  culture  was  the  presence  of  more  hyphae 
with  wavy  outlines. 

ii .  Effect  of  variation  in  temperature 

The  data  on  mycelial  growth  at  15°,  21°,  24°,  27°  and 
34°C,  recorded  in  terms  of  dry  weight  (mg)  per  flask  at 
various  intervals  of  time  (up  to -40  days)  are  outlined  in 
Figure  21,  page  67.  At  all  temperatures  a  lag  phase  in 
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growth  was  noticed  in  the  first  five-day-period  after  inocula¬ 
tion.  Ten  days  after  inoculation  there  was  a  slow  increase 
in  growth,  followed  by  the  more  active  growth  period,  referr¬ 
ed  to  as  the  'Exponential  phase'.  At  this  stage  the  effect 
of  the  various  temperatures  was  noticeable.  At  15°  and  21°C 
there  was  a  steady  increase  in  growth  up  to  40  days,  when  the 
experiment  was  terminated.  Under  24°  and  27° C  the  grov/th 
increased  up  to  35  days,  but  40  days  after  inoculation  a 
decline  in  the  dry  weight  content  was  noticed.  This  decline 
in  dry  weight  at  34°C  started  30  days  after  inoculation. 
Although  35  days  after  inoculation  tliere  V7as  more  grov/th  at 
27°C  than  at  24°C,  yet  5  days  later  the  growth  at  both 
temperatures  was  about  equal.  It  appeared  that  growth  during 
the  first  35  days  after  inoculation  and  the  decline  in  growth 
5  days  later  are  more  rapid  at  27°C  than  at  24°C. 

No  significant  pH  changes  (Table  1,  page  46)  were 
recorded  during  the  growth  of  the  mycelium.  There  was, 
however,  a  slight  decline  in  the  pH  under  higher  temperatures 
(24°,  27°,  and  34°C)  at  later  stages  of  grov/th  (after  30  days 
of  inoculation)  . 

(2)  Chemically  defined  media 

In  the  chemically  defined  media  carbon  was  supplied  to 
the  growing  mycelium  from  cellobiose,  carboxyl  methyl 
cellulose,  dextrose  and  maltose.  The  growing  mycelium 
developed  into  a  colony  which  had  cream  to  light  brown  (1-2 
weeks)  to  dark  brown  color  (3-5  weeks) .  The  mycelial  growth 
was  recorded  in  terms  of  mg  dry  weight  per  flask  and  is 
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reported  in  Figure  22,  page  68.  Maximum  growth  was  obtained 
after  25  and  30  days  with  dextrose  and  cellobiose  respect¬ 
ively.  Using  maltose  or  carboxyl  methyl  cellulose  as  the 
carbon  source  the  mycelium  continued  to  increase  in  weight 
up  to  40  days  at  which  time  the  experiment  v/as  terminated. 

I 

When  the  four  carbon  sources  are  compared  it  can  be  seen  that 
the  greatest  amount  of  growth  was  obtained  with  cellobiose 
30  days  after  inoculation,  followed  by  dextrose  after  25 
days  and  maltose  and  carboxyl  methyl  cellulose  after  40  days. 
The  grov/th  with  carboxyl  methyl  cellulose  as  the  carbon 
source  was  significantly  restricted.  In  all  cultures  the 
lag  phase  was  less  than  5  days.  The  mycelial  characters 
were  similar  to  that  already  described  at  27°C  on  malt-agar 
medium . 


ff 


a 


A 


.itf  " 


f 

(■ 


'J\M,  .  IC’  ‘J  •'!!  >  J  '  " 


*  I 

n  •  ■'  *  *>  !  '  ■  -r  I  '  '  '  ’  '*1' 

L* »  4  I  R  ^  j 


♦ . 


•  t  fiic  e 

'  .r,*i 


.  r  *»  Ot 

« 

Sr,  ■o 

.  1 1 : '  « 


1  ^ 


t : 


(:•  ^  ‘S- 


x:.6t 


V 


^r-.M  ^  i«-k ‘»>iwW' 


■:ii;^..  -S 


46 


TABLE  1 


pH  of  the  Malt  Extract  Medium  at  Various  Stages  of  Growth 

of  Variety  Poputinus 


Days  after 
inoculation 

Temperature 

15°C 

21°C 

24'^C 

27°C 

34°C 

0 

5.1 

5.1 

5.1 

5.1 

5.1 

5 

5.2 

5.1 

5.2 

5.1 

5.2 

10 

5.2 

5.2 

5 . 3 

5.2 

5.3 

15 

5.2 

5.3 

5.2 

5.1 

5.2 

20 

5 . 3 

5.3 

5.1 

5.1 

5.2 

25 

5.3 

5.2 

5.0 

5.0 

5.0 

30 

5.2 

5.2 

4.9 

5.0 

4.8 

35 

5.2 

5.3 

4.9 

4.9 

4.8 

40 

5.2 

5.2 

4.9 

4.8 

4.7 
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1.  Growth  on  solid  media 
a.  Malt-agar  medium 
(1)  Growth  at  27 °C 

The  growth  of  the  mycelium  was  quite  rapid  and  it 
completely  covered  the  9  cm  -  petriplate  in  13-14  days.  The 
advancing  zone  v/as  even,  hyaline,  with  the  hyphae  well 
separated  from  each  other.  The  mycelial  mat  changed 
through  cream  color  to  yellow,  cinnamon  buff,  clay  or  orange 
cinnamon  color  but  the  white  border  persisted.  The  mycelium 
was  slightly  raised,  cottony  in  the  inital  growth  then  v/ooly 
to  felty  at  later  stages.  Sometimes  there  vzere  zones  of 
aerial  mycelium  under  which  a  v/hite  bloom  formed  over  the 
medium.  The  mat  peeled  from  the  agar  quite  readily.  The 
v/intergreen  odor  was  mild.  Sometimes  mycelial  growth  was 
interrupted  by  zones  in  v/hich  the  aerial  mycelium  consisted 
of  a  thin  white  bloom  over  dark  crustose  areas.  After  a 
week  the  color  of  the  reverse  changed  from  tav/ny  to  cinnamon- 
brown  and  then  to  patches  of  dark  brov/n  (2-3  weeks)  .  Finally, 
the  whole  medium  was  liver  brown  (4-6  vzeeks)  in  color.  The 
diffusion  zones  were  observed  to  be  moderately  strong  on 
gallic  and  tannic  acid  agars .  The  mycelium  grew  on  gallic 
acid  agar  v/ith  a  colony  diameter  of  1.2-2. 8  cm,  but  on  tannic 
acid  agar  no  growth  was  observed. 

The  hyphae  of  the  advancing  zone  (marginal  hyphae)  were 
hyaline,  thin-walled,  narrow  and  possessed  simple  septa. 

They  were  much  elongated  and  freauently  branched.  Narrow 
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hyphae  ranged  in  diameter  from  1.2  y  to  4.0  y  with  a  cell 
wall  thickness  of  0 . 2  -  0 . 4  y .  In  the  narrow  hyphae  mono- 
podial  type  of  branching  was  observed,  the  branches  being 
produced  in  acropetal  succession.  Usually  the  branches 
developed  singly,  although  the  occurrence  of  the  branches  in 
pairs  and  whorls  was  also  noticed.  The  marginal  branches 
tended  to  grow  away  from  the  other  branches .  Usually  the 
branches  originated  at  acute  angles  from  the  main  branch. 

The  new  branches  usually  formed  immediately  behind  the 
septa,  but  sometimes,  branches  were  seen  to  originate  from 
other  regions  of  the  parent  hyphae.  There  were  many  septa 
without  the  associated  branches  .  The  septa  v/ere  at  variable 
distances;  those  near  the  hyphal  base  were  12-45  y  apart 
whereas  the  septa  at  the  distal  end  were  50-80  y  or  more 
apart.  Occasionally,  the  growing  narrow  hyphae  formed 
flat  coils  or  hyphal  rings  (Figure  23,  page  69) .  These  hyphae 
did  not  possess  hyphal  constriction  or  invagination  of  hyphal 
walls  . 

Aerial  mycelium  (mycelium  exclusive  of  the  advancing 
zone)  consisted  of  thin-walled  hyphae,  fiber  hyphae  and 
cuticular  cells.  The  thin-walled  hyphae  were  of  two  types, 
namely,  thin-walled,  narrov;  hyphae  and  thin-v/alled ,  broad 
hyphae  (Figure  24,  page  69) .  The  thin-walled,  narrow  hyphae 
had  the  same  characteristic  features  as  those  found  in  the 
hyphae  of  the  advancing  zone.  Hyphal  anastomosis  was  observ¬ 
ed  in  the  narrow  hyphae  (Figure  25,  page  70)  and  the  hyphal 
branches  near  the  centre  of  the  colony  were  inteirv/oven . 
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In  e^rly  stages  of  growth  the  thin-walled,  broad  hyphae 
were  hyaline,  branched  and  possessed  simple  septa.  These 
hyphae  originated  from  thin-walled,  narrow  hyphae.  The 
diameter  of  the  broad  hyphae  ranged  from  3.5  to  7.6  y  and 
the  thickness  of  the  cell  wall  ranged  from  0.3  y  to  0.6  y. 

At  later  stages  of  development  the  thin-walled,  broad  hyphae 
became  slightly  yellow  to  light  brown  in  color. 

Fiber  hyphae  originated  from  thin-walled,  narrow  hyphae 
with  a  septum  at  the  point  of  origin  (Figure  26,  page  70) . 
These  hyphae  are  brown  to  dark  brown  in  color,  elongated  and 
thick-walled  with  a  narrow  lumen.  The  fiber  hyphae  were 
occasionally  branched  and  septate  (Figure  27,  page  71) .  They 
ranged  in  diameter  from  1.5  to  4.0  y  with  a  wall  thickness  of 
0.5  to  1.6  y.  The  tips  of  the  fiber  hyphae  were  comparative¬ 
ly  wider  (1.7  to  4.3  y)  than  the  rest  of  the  fiber  hyphae 
(Figure  27,  page  71) .  Expanded  fiber  hyphae  were  also 
observed  in  this  variety. 

Cuticular  cells  arose  as  irregular  swellings  from 
narrow,  thin-v/alled  hyphae  (Figure  28,  page  71)  .  These  cells 
were  hyaline  at  first  but  became  brown  to  dark  brown  at 
later  stages  of  development.  The  cuticular  cells  were 
loosely  arranged  in  groups  or  closely  packed  together  to 
form  a  pseudoparenchyma.  The  shape  of  these  cells  was 
variable  and  they  were  irregularly  branched  and  septate. 

Submerged  mycelium  consisted  of  thin-walled,  narrow 
and  broad  hyphae,  fiber  hyphae  and  cuticular  cells.  Cuticul¬ 
ar  cells  v/ere  more  plentiful  near  the  inoculum  point.  The 
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narrow  hyphae  were  frequently  elongated  and  twisted. 

(2)  Effect  of  variation  in  temperature 

i.  On  growth  of  the  mycelium 

The  grov/th  of  the  mycelium  at  15°,  21°,  24°,  27°,  34°C 
and  at  room  temperature  (20-23°C)  was  studied  for  40  days 
and  the  colony  diameter  was  recorded  (Figure  29,  page  72). 
More  growth  was  observed  between  temperatures  of  21°  to  27°C 
The  changes  in  color  of  the  mycelium,  as  already  described 
for  the  cultures  growing  at  27°C,  were  seen  to  occur  at  all 
temperatures .  The  change  in  color  v/as  more  rapid  at  higher 
temperatures  (21°-34°C). 

ii.  On  hyphal  structure 

The  structure  and  development  of  mycelium  at  various 
temperatures  was  observed  in  variety  laevigatus  .  At  10°C 
the  growth  of  thin-walled,  narrow  hyphae  was  discernible  5 
days  after  inoculation.  Broad  hyphae  and  cuticular  cells 
were  observed  11  days  after  growth  had  begun.  Fiber  hyphae 
were  not  seen  before  the  mycelium  was  23  days  old.  The 
septa  were  located  at  a  distance  of  8.5  to  50  y.  A  few  thin 
walled,  narrow  hyphae  developed  wrinkled,  inflated  terminal 
cells  which  measured  4.0  -  6.5  y  in  diameter.  After  20  days 
of  growth  there  were  more  cuticular  cells  than  narrow  hyphae 
At  15°C  the  growth  of  the  mycelium  was  more  extensive  than 
at  10°C.  Eight  days  after  inoculation  fiber  hyphae  and 
cuticular  cells  were  seen.  The  broad  hyphae  were  first 
observed  after  11  days  of  growth  in  culture.  The  distance 
between  the  septa  ranged  from  14  y  to  60  y  in  a  narrow  hypha 
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In  the  broad  hypha  it  ranged  from  15  to  66  y .  Hyphal  rings 
were  seen  after  14  days  of  growth.  At  21°C  the  mycelial 
growth  was  plentiful  and  within  8  days  all  the  kinds  of 
hyphae  were  observed.  Expanded  fiber  hyphae  v/ere  observed 
after  17  days  of  growth.  Narrow  hyphae,  broad  hyphae, 
fiber  hyphae  and  cuticular  cells  had  the  same  characteristic 
features  as  described  for  grov/th  at  27°C. 

2.  Growth  in  liquid  media 
(1)  Malt  extract  medium 

i.  Effect  of  shake  and  still  culture 

The  growth  studies  of  variety  laevigatus  in  shake  and 
still  culture  were  made  in  a  manner  similar  to  that  for 
variety  populinus  and  are  shown  in  Figure  30,  page  73, 

In  both  kinds  of  culture  a  10-day  lag  period  was 
observed.  It  was  at  this  stage  that  the  effect  of  the  tv/o 
methods  of  the  culture  was  noticed.  The  quantity  of  the 
mycelium  was  less  in  static  culture  than  in  the  shake  culture. 
However,  these  differences  v/ere  not  significant.  The  maximum 
grov/th  under  the  two  methods  of  culture  v/as  obtained  3  5  days 
after  inoculation.  Ball-shaped  aggregates  of  mycelium  v/ere 
observed  in  shake  culture  and  these  balls  showed  little 
variation  in  size  and  shape.  The  expanded  fiber  hyphae  were 
absent.  The  mycelium  was  characterized  by  the  presence  of 
numerous  hyphae  possessing  wavy  outlines. 

ii.  Effect  of  variation  in  temperature 

The  results  of  the  grov/th  measured  as  dry  weight  of  the 
mycelium  (mg)  per  flask  are  shown  in  Figure  31/  page  74. 


V,  t,  •  "  1 1  -fi  • 

"  -s.  __  ;.r  f 


‘w . 


■  'J 

♦>;»♦»'  ’  •  ;)  r  fl*iy  K  - 

t 

K  ■'« 

J  A  .<  '  ■  '  ■,''  *  - 

■  '■  .  '  ■  '.. 

« ^  ' '  '  1  ■-<  ‘  ■  '.  "^ 

>  ‘  Vlf//»  Vk!, 

<\t^  9  ^  i  K 

;•!,■  t'-’*  ^  ''  ''^ 

V 

,  ,  Ft#  :f  •Au.r  .  •  . 

\ 

- 

■  r’Tti' 's  <»■•': 

.Jov’  «’'.’  :■  •  '■■•''  ■"■'''■■ 

.  ) 

• 

SMir  i 

i 

K.,,f,  ,t»  .'.  :  '  .=  .  ■  fcAf.-,,'  .  ■'  '-■-' 

• 

t 

■^1 

i* '  ■  1 k  »* 

f  »  *  .*  ' 

;,  ’  ■'  ‘'^i'  1 

■ 

'  r-iiJfjii  *;f  4p>v*i9  A<S 

i  u*^ 

«  ■  ‘ 

/  t  1 

v> 

■  '  ''‘,  .  ■  .lilW.vJrliiM  m 

f  •  ..  :1^ 

liit  ^/■•  io'5lp  ‘5'>  ■* 

tin*  f",  ■ '■ 


■  *-■,  "Q  ’  .  . 

i  !’''j\t>  ti'  *»'■  •- 

)  »  ♦ 


I J; 


f  . 


AtJU  l  ,  6f,  Hili.n''^'*'  I’i  f  .'C'l  •  '  f*f7ti  '-lMlfi4 

i  ^  ‘h  ,  '  '  '  . 

.  .90^  f'-!  r.  ^  M,  i.  ’o  nf)] 

‘  •  '•  '  ♦  *  '  £t'’ii  ,- V  '■  f  '  I-/' ui*:!© 

a?.  mW  _  ^  ^  -  I  *  ’■  * 

■  IV  ■  ■  "t  •  •  ' 


I  I 


»?•  ^t.'ll  4*1 

n.'  ’  *ji~S  nr  .'i.  ri  .  u  ♦  '*,.  if  *itr -'/h  rr ♦  I  * 

♦'•  "  ■  M#:  .  i i  t  -• 

r  ^  I  ^ 

^  ^  ' 

«.  ■''*•  CS  ftfifij*!  ’'^<3  4l|v»  ^b'lfi/Tirv-'  l7r) 

I 

i»  •-.  (»,.  .  ptiV^''  !  .’^4l|»t)‘l.ln’'' 

t*i  <  •.  *  ‘  ■  ■  -ftA  fru'  cjiti<" 


qf 


'  ‘^  V 

.■  \[p^X 


fi...  .  r  .  ^at-- anammi'  ,.  ,..»  > 

*  \  I* 

.  I  •Jf^lTJ  A 

i  *:4i|i|^c>(i  1< 


.  *»  •  » 


•  f  ■  * 


-’flllllljlMr*^  fj*)n  -^rv 

'*tj' .  ' 


‘■I  »  'VRI ,  !9rt'.r;; 
-"■•'I 


.•I  ;• 


■•  •  K  •? 


>  »  i 


.  ■  .  IS  ■ 


52 


A  lag-  phase  of  five  days  occurred  under  all  temperatures . 
This  phase  was  follov/ed  by  a  period  of  slow  growth  for  the 
next  five  days.  At  all  temperatures  the  active  growth  started 
10  days  after  inoculation.  At  15°,  21°,  24°  and  27°C  the 
growth  in  terms  of  dry  weight  of  the  mycelium  continued  to 
increase  up  to  40  days  at  which  time  the  experiment  was 
terminated.  At  34 °C  the  growth  of  the  mycelium  reached  a 
maximum  in  30  days.  This  peak  growth  was  followed  by  a 
steady  decline  in  the  dry  weight.  The  relative  increase  at 
15°,  21°  and  24°C  at  later  stages  of  growth  (after  35  days) 
was  more  than  the  increase  at  27 °C.  At  various  temperatures, 
data  obtained  40  days  after  inoculation  indicated  that  the 
dry  weight  steadily  increased  with  increase  in  temperature 
up  to  27°C.  This  increase  was  more  marked  between  15°  and 
21°C  and  21°  and  24°C  as  compared  to  the  increase  between  24° 
and  27°C.  At  34°C  the  dry  weight  of  the  mycelium  was 
definitely  less  compared  with  growth  at  all  other  temperatures. 

The  data  on  pH  value  (Table  2,  page  54)  indicated  a 
steady  fall  in  pH  at  24°,  27°  and  34°C  after  25,  25,  and  20 
days  of  growth  respectively.  Under  15°  and  21°C  the  pH 
remained  constant. 

(2)  Chemically  defined  media 

The  carbon  sources  used  v/ere  cellobiose,  carboxyl 
methyl  cellulose,  dextrose  and  maltose.  The  dry  weight  of 
the  mycelium  was  recorded  in  terms  of  mg  per  flask  and  is 
reported  in  Figure  32,  page  75.  On  all  sources  the  mycelium 
formed  a  colony  and  the  color  of  the  mycelium  varied  from 
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cream  to  yellow,  cinnamon  buff,  clay  or  orange-cinnamon. 

With  each  of  the  four  carbon  sources  used  the  maximum  dry 
weight  was  obtained  30  days  after  inoculation.  The  data 
recorded  at  the  two  subsequent  5-day  intervals  showed  a 
decline  in  the  quantity  of  dry  weight  when  dextrose,  maltose 
or  cellobiose  carbon  sources  were  used.  This  decline  was  not 
noticed  when  carboxyl  methyl  cellulose  was  used;  in  this 
case  the  weight  was  constant  up  to  the  time  the  experiment 
was  terminated.  However,  it  was  noticed  that  carboxyl  methyl 
cellulose  gave  the  minimum  increase  in  dry  weight  over  the 
growth  period  of  40  days  as  compared  to  the  increase  in 
weight  v/ith  the  other  carbon  sources.  Maximum  growth  was 
obtained  with  cellobiose  as  the  carbon  source  followed  by 
maltose  and  dextrose.  The  lag  phase  v/as  less  than  5  days 
in  all  cases.  All  the  different  types  of  hyphae  as  described 
on  malt-agar  medium  at  27°C  were  also  observed  in  this 
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TABLE  2 


pH  of  the  Malt  Extract  Medium  at  Various  Stages  of  Grov/th 

of  Variety  Laeviga.tus 


Days  after 
inoculation 


Temperature 


15°C 


21°C 


24°C 


27°C 


34°C 


0 


5.1 


5.1 


5 

5.1 

5.1 

10 

5.1 

5.2 

15 

5.2 

5.1 

20 

5.2 

5.2 

25 

5.2 

5.1 

30 

5.2 

5.2 

35 

5.2 

5.2 

40 

5.2 

5.2 

1 — 1 

• 

in 

5.1 

5.1 

5.1 

5.1 

5.2 

5.2 

5.2 

5.1 

5.2 

5.0 

5.2 

5.1 

5.0 

5.0 

4.9 

4.9 

5.0 

4.9 

4.9 

4.7 

00 

• 

4.8 

4.7 

00 

• 

4.7 

4.6 
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FIGURE  1 


Sporocarp  of  Pomes  igniarius  var .  gogulinus 
on  the  trunk  of  a  living  aspen  poplar  tree. 
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FIGURE  2.  Cuticular  cells  of  variety  po-pulinus  seen  in  zone 
lines  formed  in  inoculated  aspen  poplar  wood. 
X.310 . 


FIGURE  3.  Branching  of  thin-walled,  narrow  hyphae  in 

variety  laevigatus  and  penetration  of  the  cell 
walls  of  inoculated  birch  wood.  X.195. 


ai 
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FIGURE  4 


FIGURE  5 


A  thin-walled  hypha  of  variety  populinus 
penetrating  the  border  part  of  a  bordered  pit  in 
a  cell  of  naturally  infected  aspen  poplar. 

X.875. 


Fiber  hyphae  of  variety  populinus  in  zone  lines 
of  inoculated  aspen  poplar.  X.245. 
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FIGURE  6.  Thin-walled  hyphae  of  variety  populinus  present 
in  various  kinds  of  cells  in  inoculated  aspen 
poplar.  X.170. 


FIGURE  7.  A  thin-walled  hypha  of  variety  populinus  passing 
through  a  bore-hole  in  naturally  infected  aspen 
poplar.  X.600. 


59 


FIGURE  8.  Zone  lines  formed  in  inoculated  birch  wood  by 
the  cuticular  cells  of  variety  laevigatus  . 
X.195. 


FIGURE  9 . 


Oval  cuticular  cells  of  variety  laevigatus  in 
vessels  and  other  cells  of  naturally  infected 


birch.  X.245. 
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FIGURE 


FIGURE 


10.  Section  shov/ing  bore-holes  and  presence  of 

thin-walled,  narrow  hyphae  of  variety  laevigatus 
in  several  kinds  of  cells  in  inoculated  birch 
wood.  X.195. 


11.  Fiber  hyphae  of  variety  laevigatus  in  naturally 
infected  birch  wood.  Thin-walled,  narrov;  hyphae 
are  also  present.  •  X.350. 
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FIGURE  12.  Fames  igniarius  var .  pogulinus  (left)  and 
variety  laevigatus  (right) ,  10  days  after 
inoculation  on  malt-agar  medium,  at  27°C. 


FIGURE  13.  Fames  igniarius  var.  papuZinus  20  days  after 


inoculation  on  malt-agar  medium,  at  27°C. 
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FIGURE 


FIGURE 


14.  Thin-walled  hyphae  and  fiber  hyphae  of  variety 
’po’pulinus  grown  on  malt-agar  medium  at  27°C. 
X.195. 


15.  Branching  in  thin-walled  hyphae  of  variety 

po-pulinus  grown  on  malt-agar  medium  at  27°C. 


X.195  . 


15 
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FIGURE 


FIGURE 


16.  Thick-walled  fiber  hypha  originating  from  thin- 
walled  hypha  in  variety  -populinus  grown  on 
malt-agar  medium  at  27°C.  X.320. 


17.  Swollen,  cuticular  cells  and  thin-walled 

hyphae  of  variety  populinus  grown  on  malt-agar 
medium  at  27°C.  X.245. 
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FIGURE 


18.  Growth  of  Fames  igniarius  var.  populinus  at 


various  temperatures  on  malt-agar  medium. 
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FIGURE  19. 


Comparative  growth  of  Fames  igniarius  var . 
populinus  on  wood  and  malt-agar  media  at  27°C. 


COLONY  DIAMETER  (mm) 


0 - - - Wood  media 


AGE  OF  CULTURES  (DAYS) 


66 


FIGURE  20.  Yield  of  mycelium  of  Fames  igniarius  var. 

populinus  on  malt  extract  medium  in  static  and 
shake  liquid  cultures  at  room  temperature 
(20-23°C) . 
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FIGURE  21.  Yield  of  mycelium  of  Fames  igniavius  var . 

populinus  at  various  temperatures  on  malt 
extract  medium. 
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FIGURE 


22.  Yield  of  mycelium  of  Pomes  igniarius  var. 

populinus  on  various  carbon  sources  at  27°C. 
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FIGURE 


FIGURE 


23.  Hyphal  ring  (flat  coil)  and  thin-walled,  narrow 
hyphae  of  variety  laevigatus  grown  on  malt-agar 
medium  at  27°C.  X.380. 


24.  Thin-walled,  narrow  hyphae  and  thin-walled, 
broad  hyphae  of  variety  laevigatus  grown  on 
malt-agar  medium  at  27°C.  X.220. 
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FIGURE 


FIGURE 


25.  Hyphal  anastomosis  in  thin-walled,  narrow 

hyphae  of  variety  laevigatus  grown  on  malt- 
agar  medium  at  27°C.  X.600. 


26. 


Thick-walled,  fiber  hypha 
thin-walled,  narrow  hypha 
grown  on  malt-agar  medium 


originating  from 
in  variety  laevigatus 
at  27°C.  X.600 . 
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FIGURE 


FIGURE 


27. 


Branching  in  fiber  hyphae  of 
grov/n  on  malt-agar  medium  at 
narrow  hyphae  are  also  seen. 


variety  laevigatus  , 
27°C.  Thin-walled, 
X.600  . 


28.  Cuticular  cells  of  variety  laevigatus  grown 
on  malt-agar  medium  at  27°C.  X.600. 
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FIGURE 


29  . 


Growth  of  Fornes  igniavius  var.  taevigatus  on 
malt-agar  medium  at  various  temperatures. 
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FIGURE 


30.  Yield  of  mycelium  of  Fames  igniavius  var . 

laevigatus  on  malt  extract  medium  in  static 
and  shake  liquid  cultures  at  room  temperature 
(20-23°C) . 
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FIGURE  31.  Yield  of  mycelium  of  Fames  igniavius  var . 

laevigatus  at  various  temperatures  on  malt 
extract  medium. 
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FIGURE 


32.  Yield  of  mycelium  of  Fames  igniarius  var , 

laevigatus  on  various  carbon  sources  at  27°C. 
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C.  The  ultrastructure  of  the  mycelium 

Three  kinds  of  hyphae  v/ere  observed  in  the  varieties 
populinus  and  laevigatus  ,  thin-walled  hyphae,  fiber  hyphae 
and  cuticular  cells.  In  variety  laevigatus  the  thin-walled 
hyphae  were  of  two  kinds;  narrow  hyphae  and  broad  hyphae, 
while  in  variety  populinus  the  thin-walled  hyphae  were  of 
the  narrow  type  only.  In  both  varieties  thin-walled,  narrow 
hyphae  were  the  first  kind  of  mycelium  observed  in  culture. 
Examination  of  the  mycelium  under  the  light  microscope  after 
a  few  days  of  growth  showed  broad,  thin-walled  hyohae,  fiber 
hyphae  and  cuticular  cells  developing  from  the  narrow,  thin- 
walled  hyphae.  The  fiber  and  cuticular  cells  had  cytoolasm 
in  their  early  stages  of  differentiation,  but  as  they 
became  older,  the  cell  v/alls  became  thickened  and  the  cells 
appeared  empty.  Fiber  hyphae  were  brovzn  in  color  and  thick- 
walled  at  the  time  of  differentiation.  The  cuticular  cells 
were  hyaline  and  thin-v/alled  in  the  beginning,  but  at  later 
stages  of  development  they  also  became  brown  in  color  and 
thick-walled.  Details  about  size,  shape,  branching,  septa- 
tion,  etc.,  are  described  on  pages  38-40  and  47-49. 

1.  Thin-v/alled  hyphae 

In  most  cases  the  walls  of  the  thin-walled  hyphae  were 
triple  layered.  There  was  a  thin  electron- transparent 
surface  layer  of  microfibrils,  the  outer  part  of  v/hich  was 
usually  sloughed  off.  Inside  this  layer  was  a  thin  electron- 
dense  nonmicrof ibr i liar  middle  layer.  The  inner  layer  of 
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microfibrils  lying  adjacent  to  the  protoplast  was  thick  and 
more  electron-dense  than  the  outermost  layer  but  more  elect¬ 
ron-transparent  than  the  middle  layer  (Figures  33,  36,  41, 

48,  52,  pages  84,  86,  88,  92,  95) .  In  some  cells  the  wall 
appeared  to  have  a  single  layer  which  is  nonmicrof ibrillar  in 
appearance  (Figure  34,  page  84).  Occasionally  the  cells 
appeared  to  show  a  thin  outer  and  a  broad  inner  dense  layer 
on  either  side  of  the  narrow  central  region  (Figure  58,  page 
99)  .  Hov/ever,  in  certain  cases  the  cell  walls  were  multi¬ 
layered  (Figure  49,  page  92) . 

The  plasmalemma  was  continuous  from  one  cell  to  another 
through  the  septal  pore.  It  appeared  smooth  and  continuous 
in  many  sections  but  was  crenulate  and  discontinuous  where 
vesicles  were  present  in  abundance  (Figures  36,  41,  pages  86 
and  88) . 

The  thin-walled  hyphae  contained  numerous  clearly-defined 
organelles.  In  some  cases  one  large  nucleus,  which  occupied 
a  major  portion  of  cross  section  of  the  hypha,  was  seen 
(Figure  33,  page  84) ,  in  other  sections  two  nuclei  were 
observed  (Figure  34,  page  84) .  In  one  of  the  young  growing 
hypha  four  nuclei  were  seen  in  a  single  cell  (Figure  35,  page 
85) .  The  nuclei  were  very  distinct  with  a  double  nuclear 
membrane  possessing  nuclear  pores.  In  the  nucleoplasm  there 
v/ere  a  number  of  dark,  electron-dense  regions  and  light 
irregular  regions  of  low  electron-density. 

The  endoplasmic  reticulum  was  smooth  and  was  abundant 
in  most  of  the  cells  and  particularly  so  in  younger  cells 
(Figure  35,  page  85).  The  continuity  of  endoplasmic 
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reticulum  v/ith  the  nuclear  membrane  (Figures  34,  35,  pages 
84,  85)  and  the  mitochondria  (Figure  37,  page  86)  v/as 
observed  in  many  sections.  In  some  cells  vesicular  endoplas¬ 
mic  reticulum  was  also  seen  (Figure  38,  page  87) . 

The  mitochondria  were  round  (Figures  36,  37,  page  86)  or 
oblong  in  shape  (Figures  40,  41,  page  88)  and  had  a  double 
membrane  and  plate-like  cristae.  The  mitochondria, 
accompanied  by  fragments  of  endoplasmic  reticulum,  were  more 
frequent  towards  the  grov/ing  point  of  the  hypha. 

The  golgi  bodies,  observed  in  most  plant  and  animal 
cells,  appeared  to  be  absent  in  the  cells  of  this  species. 

But  there  were  present  in  most  hyphal  cells  of  F.  igniarius 
structures  with  one  to  many  concentric  (Figure  43,  page  89) 
or  parallel  (Figure  42,  page  89)  lamellae.  These  were  smooth 
double  membranes  with  a  central  electron- transparent  layer 
surrounded  by  an  electron-dense  layer.  The  memlDrane  system 
was  two  to  many  layered  (Figures  42,  43,  45,  pages  89,  90) . 
The  layers  of  concentric  rings  were  continuous,  although 
rings  v/ith  discontinuous  ends  v/ere  also  observed  (Figure  46, 
page  91) .  In  such  cases  the  ends  were  recurved  inwards. 

The  lamellae  possessed  club-shaped  ends  v/hich  appeared  to  bud 
of  tubular  vesicles  leading  to  the  formation  of  lomasomes . 

The  lomasomes  consisted  of  a  circular  double  membranous 
envelope  enclosing  small,  tubular  vesicles  (Figures  44,  45, 
46,  47,  pages  90,  91) . 

Vesicles  and  multives icular  bodies  were  very  commonly 
observed.  Vesicles  were  found  mainly  in  the  regions  of 
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active  growth  but  they  occurred  occasionally  in  older  cells. 
In  older  cells  tliey  are  usually  located  near  the  cell  wall 
(Figure  48,  page  92).  Occasionally,  multivesicular  bodies 
v/ere  observed  aggregated  in  the  hook-shaped  terminal  cells 
of  the  thin-walled  hyphae  (Figure  49,  page  92) . 

Osmiophilic  bodies  and  ribosomes  were  seen  only  in  the 
material  fixed  in  glutaraldehyde  and  osmium  tetroxide.  The 
osmiophilic  bodies  were  in  vacuoles  and  were  associated  with 
membranous  elements  (Figure  45,  page  90) .  More  vacuoles  and 
lipid  bodies  were  observed  in  comparatively  older  cells  . 

The  granular  ribosomes  were  aggregated  into  clustures  and 
were  found  free  in  the  cytoplasm  (Figures  44,  45,  46,  pages 
90  ,  91)  . 

Hyphal  anastomosis  was  frequently  observed  in  the 
mycelium  of  F.  igniavius .  These  openings  were  simple 
passages  with  cytoplasmic  materials  present  in  them  (Figure 
50,  page  93) .  The  hyphal  branches  form  behind  the  septum  of 
the  parent  hypha  and  a  cross  wall  is  laid  dov/n  in  the  branch 
soon  after  it  develops  (Figure  51,  page  94) . 

The  septum  observed  in  the  thin-walled  hyphae  contained 
the  complex  pore  referred  to  as  'Dolipore'  by  Moore  and 
McAlear  (1962c) .  The  dome  shaped  pore  cap  with  four  lamellae 
was  present  on  the  two  sides  of  the  dolipore.  In  favourable 
preparations  the  pore  caps  appear  continuous  with  the  endo 
plasmic  reticulum  (Figure  38,  page  87) .  The  septal  swelling, 
characteristic  of  dolipore  septum,  was  always  present  and 
was  surrounded  by  the  plasmalemma.  The  pore  cap  pores  were 
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present  at  irregular  intervals  in  the  pore  cap  (Figure  38, 
page  87) .  The  septal  pore  appears  to  be  well  adapted  for 
protoplasmic  continuity  between  adjacent  cells  (Figures  51, 
52,  pages  94,  9  5)  .  In  older  cells  the  pore  plugs  v/ere 
present  (Figure  39,  page  87). 

Membrane-bound  dense  bodies  were  seen  in  the  thin-walled 
hyphae.  These  became  larger  in  size  and  lighter  in  color 
in  later  stages  of  growth  (Figures  33,  40,  pages  87,  88) . 

The  thin-walled,  narrow  hyphae  of  variety  -po-pulinus  and 
variety  laevigatus  had  essentially  the  same  fine  structure 
features  and  the  thin-walled,  broad  hyphae  (Figure  52,  page 
95)  found  in  variety  laevigatus ,  resembled  the  narrow  hyphae. 
The  one  difference  between  the  two  varieties  was  the  presence 
of  half  septa  (Figure  53,  page  96)  and  invaginations  of  the 
cell  walls  of  the  thin-v/alled  hyphae  in  the  variety  -populinus 
(Figures  54,  55,  page  96).  Such  structural  variations  were 
lacking  in  variety  laevigatus  , 

2 .  Fiber  hyphae 

The  fiber  hyphae  of  the  two  varieties  had  similar 
characteristics.  A  dolipore  septum  was  present  at  the  point 
of  differentiation  v/here  the  fiber  hypha  originated  from 
the  thin-walled  hypha  (Figure  56,  page  9  7)  .  The  cell  v/all 
structure  was  similar  to  that  of  the  thin-v/alled  hyphae  and 
was  triple  layered,  but  in  some  cases  (Figure  57,  page  98) 
the  arrangement  of  the  wall  material  was  different.  There 
was  an  outer  electron-dense  layer,  a  middle  electron-trans¬ 
parent  layer  and  an  innermost  microfibrillar  layer  which 
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was  very  thick.  The  diameter  of  the  mature  fiber  hypha  was 
the  same  as  that  of  the  thin-walled  hypha.  The  narrow  central 
part  (lumen)  of  tlie  fiber  hypha,  which  appeared  electron- 
dense,  was  filled  with  granular  material.  A  circular  strat¬ 
ification  of  lamellae  was  seen  in  transverse  sections  of  the 
fiber  hyphae  (Figure  60,  page  100),  but  in  longitudinal 
sections  the  microfibrils  had  an  axial  orientation  (Figures 
57,  58,  59,  pages  98,  99,  100) .  The  thickness  of  the  cell 
wall  was  variable  and  in  some  cases  no  lumen  was  present  at 
maturity  (Figure  62,  page  101).  Constriction  of  the  cell 
was  seen  quite  often  in  fiber  hyphae  (Figures  59,  61,  pages 
100,  101) . 

3.  Cuticular  cells 

The  cuticular  cells  of  the  two  varieties  had  similar 
features.  The  cell  organelles  present  in  the  cuticular 
cells  at  early  stages  of  development  were  essentially  the 
same  as  those  found  in  thin-walled  hyphae  (Figures  63,  64, 
pages  102,  103) .  The  thickness  of  the  cuticular  cell  wall 
in  early  stages  was  also  the  same  but  in  later  stages  the 
wall  became  thickened  like  that  of  the  fiber  hyphae  (Figure 
66,  page  104).  The  septa  present  in  the  formation  of 
cuticular  cells  were  dolipore  septa  (Figure  65,  page  104) . 
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ABBREVIATIONS  USED  IN  FIGURES 

complex  concentric  membrane 
complex  parallel  membrane 
constriction 
cell  wall 
dense  body 

endoplasmic  reticulum 
vesicular  endoplasmic  reticulum 
half  septa 

invagination  of  plasmalemma 
invagination  of  cell  wall 

-  electron  transparent  lamella  in  the  center  of 
the  typical  septum 

-  lomasomes 

-  mitochondrion 

-  multivesicular  body 

-  nucleus 

-  nuclear  membrane 

-  nuclear  pore 

-  osmiophilic  body 

-  outer  wall 

-  septal  pore 

-  pore  cap 

-  pore  cap  pore 

-  plasmalemma 
pore  plug 
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FIGURE 


FIGURE 


33.  Oblique,  transverse  section  through  a  thin- 
walled  hypha  of  variety  populinus  showing 
nucleus  (n) ,  dense  bodies  (db)  and  triple  layer¬ 
ed  cell  wall  (cw)  .  Fixation  -  KMn04 .  X. 54, 000  . 


34.  Transverse  section  through  a  thin-walled, 

narrow  hypha  of  variety  laevigatus  showing  a 
single  layered  cell  wall  (cw) ,  two  nuclei  (n) 
and  the  continuity  of  the  endoplasmic  reticulum 
(er)  with  nuclear  membrane.  Fixation  -  KMn04 . 


X. 22, 000  . 
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FIGURE  35.  Longitudinal  section  through  a  young,  thin- 

walled  hypha  of  variety  poputinus  showing  the 
smooth-surfaced  endoplasmic  reticulum  (er) , 
mitochondria  (m) ,  four  nuclei  (n)  and  a  vacuole 
(va) .  Fixation  -  KMn04.  X. 21, 600. 
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FIGURE 


FIGURE 


36.  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  populinus  showing  mitochondria  (m)  , 
dense  bodies  (db)  and  vesicles  (v)  near  the 
triple  layered  cell  wall  (cw) .  Fixation  -  KMn04. 
X. 42, 000  . 


37.  Transverse  section  through  a  thin-walled  hypha 

showing  continuity  of  endoplasmic  reticulum  (er) 
with  a  circular  mitochondrion  (m) . 

Fixation  -  KMn04 .  X. 63, 800. 
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FIGURE 


FIGURE 


38.  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  populinus  showing  multi lamellate  pore 
cap  (pc) ,  pore  cap  pore  (pep) ,  continuity  of 
pore  cap  with  endoplasmic  reticulum  (er) . 
Vesicular  endoplasmic  reticulum  (ev) . 

Fixation  -  KMn04.  X. 42, 000. 


39 .  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  populinus  showing  pore  plug  (pp) , 
pore  cap  with  multilamellae  (pc)  and  electron 
transparent  lamella  in  septum  (1) . 

Fixation  -  KMn04 .  X. 45, 000. 
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FIGURE  40. 


Longitudinal  section  through  a  thin-walled  hypha 


of  variety  populinus  showing  oblong  mitochondria 
(m)  and  membrane  bound  unidentified  dense  bodies 
(db) .  Fixation  -  KMn04 .  X. 3 9, 000. 


FIGURE  41.  Transverse  section  through  a  thin-walled, 

narrow  hypha  of  variety  laevigatus  showing  a 
mitochondrion  (m) ,  endoplasmic  reticulum  (er) 
and  numerous  vesicles  (v)  near  cell  wall. 
Fixation  -  KMn04 .  X. 39, 000. 
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FIGURE 


FIGURE 


42.  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  populinus  showing  complex  parallel 
lamellae  (cpm) .  Fixation  -  KMn04 .  X. 67, 500. 


43.  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  laevigatus  showing  complex  concentric 
membrane  (ccm) .  Fixation  -  KMn04 . 


X. 80 ,000  . 
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FIGURE 


FIGURE 


44.  Transverse  section  through  a  thin-walled  hypha 
of  variety  populinus  showing  uneven  thickness 
of  cell  wall  (cw) ,  invagination  of  plasmalemma 
(iv) ,  lomasomes  (lo)  and  free  ribosomes  (r) . 
Fixation  -  1:1/  Glutaraldehyde  plus  formaldehyde, 
and  Osmium  tetroxide. 

X. 51/600 . 


45.  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  populinus  showing  complex  concentric 
membrane  (ccm) ,  lomasomes  (lo),  osmiophilic 
body  (os) ,  vacuole  (va) ,  free  ribosomes  (r)  and 
a  nonmedian  septum  (s) . 

Fixation  -  1:1,  Glutaraldehyde  plus  formaldehyde, 
and  Osmium  tetroxide. 


X, 51, 600  . 


FIGURE  46. 


Oblique,  transverse  section  through  a  thin- 
walled  hypha  of  variety  populinus  showing 
crenulate  plasmalemma  (pi) ,  free  ribosomes  (r) 
and  complex  concentric  membrane  (ccm)  with  club- 
shaped  ends  leading  into  lomasomes  (lo) . 

Fixation  -  1:1,  Glutaraldehyde  +  formaldehyde, 
and  Osmium  tetroxide . 

X. 51,600 . 


FIGURE  47.  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  populinus  showing  lomasomes  (lo)  and 
circular  mitochondria  (m)  .  Fixation  -  KMnOi*  . 


X. 28, 600  . 
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FIGURE  48. 


Longitudinal  section  through  a  thin-walled  hypha 


of  variety  populinus  showing  triple  layered  cell 
wall  (cw) ,  vesicles  (v)  and  multivesicular 
bodies  (mb)  near  the  cell  wall.  Fixation  -  KMnO 
X. 51, 600  , 


FIGURE  49 .  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  populinus  showing  hook-shaped  apex 
with  multivesicular  bodies  (mb) ,  a  nonmedian 
septum  (s)  and  multilayered  cell  wall  (civ)  . 

4  • 


Fixation 


KMnO 


X.  51, 600  . 
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FIGURE  50  .  Longitudinal  section  shov/ing  hyphal  anastomosis 
in  thin-walled  hyphae  of  variety  populinus . 
Mitochondria  (m)  ,  multivesicular  bodies  (inb)  , 
vesicles  (v)  and  vacuoles  (va)  are  seen. 
Fixation  -  KMn04 .  X. 47, 300. 
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FIGURE  51.  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  populinus  sh'owing  dolipore  septum  and 
branching  at  an  acute  angle  with  a  nonmedian 
septum  (s)  near  the  end  of  branch. 

Fixation  -  KMn04 .  X. 51, 600. 
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FIGURE  52.  Longitudinal  section  through  a  thin-walled  broad 
hypha  of  variety  laevigatus  showing  protoplasmic 
continuity  through  dolipore  septum,  electron 
transparent  lamella  (1) ,  continuity  of  plasma- 
lemma  (pi)  between  cells,  multi-lamellate  pore 
cap  (pc)  and  endoplasmic  reticulum  (er) . 

Fixation  -  Kr4n04.  X.  43,000  . 
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FIGURE 


FIGURE 


FIGURE 


53.  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  populinus  showing  half  septum  (hs) . 
Fixation  -  KMn04 .  X. 56, 250. 


54.  Longitudinal  section  through  a  thin-walled  hypha 

of  variety  p opulinus  showing  cell  wall  invagination 
(ivc)  from  both  sides  of  the  wall. 

Fixation  -  KMn04 .  X. 42, 000. 


55.  Longitudinal  section  through  a  thin-walled  hypha 
of  variety  populinus  showing  bifercated  cell 
wall  invagination  (ivc) ,  complex  concentric 
membrane  (ccm)  and  vacuole  (va) . 

Fixation  -  KMn04 .  X. 38,500. 
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FIGURE  56.  Longitudinal  section  through  the  differentiation 
point  showing  origin  of  fiber  hypha  from  thin- 
walled  hypha.  A  nonmedian  dolipore  septum  (s) 
is  seen  at  differentiation  point. 

Fixation  -  KMn04 .  X. 51, 600. 
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FIGURE 


57.  Longitudinal  section  through  a  fiber  hypha  of 
variety  populinus  showing  a  dolipore  septum 
and  dense  bodies  (db) .  Fixation  -  KMn04 . 

X. 45, 000  . 
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FIGURE  58.  Longitudinal  section  through  a  fiber  hypha  of 
variety  laevigatus  showing  double  layered  cell 
wall  (cw)  and  dense  cytoplasm  in  central  region. 
Fixation  -  KMn04 .  X. 60, 000. 


FIGURE  59. 


Longitudinal  section  through  a  fiber  hypha  and 
oblique,  transverse  section  through  a  thin-walled 
hypha  of  variety  populinus  .  The  former  showing 
a  constriction  (cn)  of  the  cell  wall  (cw)  and 
axial  orientation  of  microfibrils.  The  latter 
showing  mitochondria  (m)  and  vesicles  (v)  near 
the  cell  wall.  Fixation  -  KMn04 .  X. 21, 600. 


FIGURE  60.  Transverse  section  through  a  young  fiber  hypha 

of  variety  populinus  shox'/ing  cell  wall  (cw)  v/ith 
circular  stratification  of  microfibrils  and 
diffused  cytoplasm  xvith  endoplasmic  reticulum. 
Fixation  -  KMn04 .  X. 54, 000. 
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FIGURE  61 


FIGURE  62 


Longitudinal  section  through  a  fiber  hypha  of 
variety  populinus  showing  diffused  cytoplasm, 
a  constriction  (cn)  in  cell  wall  and  axial 
orientation  of  microfibrils  in  triple  layered 
cell  wall  (c\^7)  .  Fixation  -  KMn0  4  .  X. 51, 600. 


Longitudinal  section  through  a  mature  fiber 
hypha  of  variety  populinus  with  thickened  cell 
wall  (cw)  and  apparently  no  lumen.  Fixation  ~ 

4  • 


KMnO 


X. 42, 000  . 
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FIGURE  63.  Young  cuticular  cells  of  variety  populinus 

showing  a  new  branch  coming  out  with  plenty  of 
vesicles  (v) ,  endoplasmic  reticulum  (er)  and 
mitochondria  (m) .  Continuity  of  endoplasmic 
reticulum  (er)  with  nucleus  (n)  in  upper  cell 
can  be  seen.  Fixation  -  KMn04 .  X. 32, 400. 
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FIGURE  64.  Young  cuticular  cells  of  variety  laevigatus 
showing  nuclei  (n) ,  lomasomes  (lo) ,  vacuoles 
(va) ,  endoplasmic  reticulum  (er)  and  nonmedian 
septa  (s) .  Fixation  -  KMn04 .  X. 21, 600. 
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FIGURE  65. 


FIGURE  66. 


Young  cuticular  cells  of  variety  poputinus 
showing  triple  layered  cell  wall  (cw) ,  vesicles 
(v) ,  vacuoles  (va)  and  pore  cap  (pc)  with  a 
nonmedian  septum  (s) .  Fixation  -  KMn04 . 

X. 25, 200  . 


Mature  cuticular  cells  of  variety  poputinus 
showing  thick  cell  wall  {cx-i)  and  diffused 
cytoplasm  in  the  centre.  Fixation  -  KMn04 . 


X. 21, 600. 
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DISCUSSION 

Largely  invisible,  little  studied,  the  vegetative 
niycelium  of  fungi  provides  an  alniost  endless  series  of 
problems  whose  investigation  is  long  overdue."  (Burnett, 

19  6  8)  . 

Macroscopic  and  microscopic  characters  of  the  mature 
basidiocarp  have  played  the  major  role  in  the  classification 
of  the  Polyporaceae .  However,  the  sporophores  of  pore  fungi 
do  not  develop  regularly  and  often  appear  many  years  after 
the  mycelium  is  established  in  the  \^ood .  To  solve  the 
practical  problem  of  identification  of  species  causing 
various  wood  decays,  investigators  began  culturing  the 
mycelium  of  various  species  isolated  from  wood  and  describing 
the  cultural  features.  This  type  of  classification  is 
separate  from  that  based  on  the  structure  of  the  mature 
basidiocarp,  although  the  identity  of  the  cultures  has  to  be 
established  by  comparison  v/ith  cultures  from  named  basidio- 
carps.  Nobles  has  carried  out  comparative  morphological 
studies  of  the  mycelia  of  a  large  number  of  species  and  from 
the  results  developed  a  system  of  classification  for  the 
Polyporaceae  based  on  morphological  and  physiological 
characters  of  the  mycelium  grov/n  on  malt-agar  med.i.um.  Since 
it  v/as  necessary  to  employ  standard  conditions  for  such  v/ork, 
the  development  of  the  mycelium  under  diverse  environmental 
conditions  v/as  not  investigated. 

In  my  view,  the  characteristics  of  the  vegetative 
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mycelium  v/hich  remain  constant  under  variable  environmental 
conditions  must  be  determined  and  used  in  the  classification 
of  species  of  the  Polyporaceae  if  a  natural  system  is  to  be 
developed.  The  incorporation  of  such  characters  into  species 
descriptions  will  also  be  of  practical  value  in  Forest 
Pathology.  It  should  also  be  pointed  out  that  there  is  a 
need  for  morphogenic  studies  of  the  vegetative  hyphae  in 
these  fungi  in  order  that  the  grov/th  and  differentiation  of 
the  mycelium  and  the  way  it  responds  to  the  environment  may 
be  understood.  The  present  study  has  been  concerned  with  the 
growth  of  the  mycelium  of  Fames  igniavius  and  I  'believe  that 
the  results  provide  a  more  comprehensive  understanding  of 
the  structure  and  development  of  the  mycelium  of  this  species 
and  its  varieties  in  the  natural  and  cultural  environment. 

A.  The  Mycelium  in  the  Natural  Environment 

In  both  variety  gogulinus  and  variety  laevigatus  the 
thin-walled,  narrow  hyphae  were  observed  in  all  kinds  of 
wood  tissue.  These  hyphae  were  very  much  branched.  Henning- 
sson  (1965)  working  v/ith  Folygorus  hetulinus  reported  the 
presence  of  hyphae  in  all  kinds  of  wood  cells  in  infected 
birch.  Cartwright  and  Findlay  (1958)  reported  that  the  two 
kinds  of  hyphae,  present  in  Fames  f amentccv'lus  ,  were  mainly 
in  the  vascular  rays.  These  workers  found  that  in  F.  ulmavius 
the  hyphae  occurred  in  the  vessels  and  vascular  rays .  They 
noted  that  the  hyphal  branches,  coming  off  at  right  angles 
from  the  main  hypha,  penetrated  the  cell  wall  directly.  They 
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also  found  that  in  F,  igniariuQ  hyphae  were  plentiful  in 
advance  stages  of  rot.  They  observed  stout  hyphae  in  the 
initial  stages  which  became  very  fine  and  much  branched  at 
later  stages  of  growth. 

The  mycelium  of  variety  laevigatus  growing  in  birch  wood 
tissue  also  possessed  thin-walled,  broad  hyphae.  Fiber  hyphae 
were  present  in  wood  tissue  in  both  varieties .  Cuticular 
cells  were  also  observed  in  the  wood  tissue  but  these  cells 
were  mainly  restricted  to  the  zone  lines  .  Cartwright  and 
Findlay  did  not  report  the  presence  of  fiber  hyphae  or 
cuticular  cells  in  the  mycelium  of  Fames  i-gniarius  growing  in 
the  wood  tissue.  However,  they  have  reported  the  presence  of 
thick-v/alled ,  gnarled  hyphae  in  the  zone  lines.  These 
gnarled  hyphae  were  probably  the  cuticular  cells  observed  in 
the  present  study.  Thick-v/alled,  fibrous  hyphae  produced 
by  Fames  famentavius  in  v/ood  tissue  have  been  reported  by 
Cartwright  and  Findlay,  Fisher  (19  34)  ,  v/orking  with 
F.  pamaoeus ,  reported  the  presence  of  a  weft  of  fine,  thick- 
walled,  rather  fibrous,  honey  colored  hyphae  which  filled 
the  large  vessels.  He  further  reported  that  in  the  zone  of 
incipient  decay,  where  the  wood  appeared  dark  purplish  brown, 
a  copious  deposit  of  brown  gum  could  be  seen  filling  the 
vessels . 

The  presence  of  the  three  kinds  of  hyphae  in  both  the 
varieties  suggests  that  such  mycelial  characters  can  be  used 
as  a  basis  for  the  identification  of  F.  igniarius  and  other 
species  of  this  family . 


The  occurrence  of  tv/o  kinds  of  thin- 
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walled  hyphae,  thin  walled  broad  and  thin-'V7a,lled  narrow 
hyphae  in  the  variety  Zaevlg atus  serves  to  distinguish 
varieties  of  this  species. 

There  was  some  difference  in  the  diameter  of  the  hyphae 
growing  in  naturally  infected  wood  tissue  compared  \'7ith  that 
of  hyphae  growing  in  inoculated  wood.  In  variety  poputi-nus 
the  diameter  of  thin-v/alled ,  narrow  hyphae  ranged  from  0.75 
to  3.0y  in  naturally  infected  aspen  poplar  v/ood  tissue, 
whereas  in  inoculated  wood  tissue  the  hyphal  diameter  varied 
from  0.75  to  3.7y.  In  variety  laevigatus  the  diameter  of  the 
thin-walled,  narrow  hyphae  ranged  from  0.75  to  2. Gy  in  natur¬ 
ally  infected  birchv/ood  tissue,  while  in  the  inoculated  wood 
the  diameter  of  tlie  hyphae  ranged  from  0.75  to  3.0y.  The 
greater  diameter  of  the  hyphae  in  inoculated  wood  could  be 
attributed  to  more  nutrients  in  culture. 

In  both  varieties  the  hyphae  were  observed  passing 
through  the  bordered  pits  and  the  border  part  of  a  pit.  The 
dissolution  of  the  bordered  pit  v/as  also  observed.  Proctor 
(1941)  has  reported  general  dissolution  of  the  bordered  pit, 
penetration  of  the  border  part  and  growth  of  hyphae  through 
the  bordered  pit  by  Fames  annosus  growing  on  eastern  white 
pine.  The  penetration  of  the  cell  walls  by  fungal  hyphae  is 
a  problem  which  has  attracted  the  attention  of  a  nund^er  of 
workers.  In  the  present  study  the  thin-v/alled  hyphae  in 
the  early  stages  of  penetration  were  very  narrow  but  they 
regained  their  usual  diameter  after  penetration.  The 
penetration  would  seem  to  be  effected  by  hyphal  enzymes. 
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since  it  appears  difficult  for  so  fine  a  thread  with  no 
appres sorium  to  penetrate  a  thick^  lignified  cell  wall  by 
mechanical  means.  Nutman  (1929)  suggested  a  similar 
mechanism  of  penetration  in  PoZyporus  hisp-idus . 

Bore-holes  in  the  wood  cells  were  frequently  observed 
where  the  mycelium  of  this  species  was  growing.  In  size 
these  holes  were  several  times  the  diameter  of  the  hyphae 
V7hich  produced  them.  Probably  bore-holes  were  also  due  to 
enzymatic  activity  by  the  fungal  hyphae.  In  reports  on 
PoZyporus  hispidus  (Nutman,  1929)  ,  Poria  monti-aoZa  (reported 
as  Tramates  serZaZZs ,  Cartwright,  1930) ,  Pomes  annosus 
(Proctor,  1941)  it  is  assumed  that  the  bore-holes  are  formed 
by  enzymatic  activity  of  the  hyphae. 

Nutman  working  with  P.  hispidus  and  Cartwright  working 
with  Poria  montiooZa  observed  that  on  approaching  or  on 
contact  with  the  cell  wall,  the  contents  of  the  hyphae 
become  concentrated  at  the  tip.  From  this  tip  a  fine 
projection  emerged  which  developed  into  a  fine  thread  that 
penetrated  the  cell  wall.  In  the  present  study  such  a 
projection  was  not  observed.  Perhaps  the  rapid  penetration 
of  the  cell  wall  by  the  hypha  prevented  observation  of  the 
projection,  or  it  may  not  be  formed  in  this  species.  Proctor 
has  reported  that  the  penetration  of  the  v/alls  of  the  wood 
cells  is  accompanied  by  secretion  of  enzymes  at  the  tip  of  th 
penetrating  hypha  and  that  there  is  total,  local  dissolution 
of  the  cell  v/all  by  enzymatic  activity  in  advance  of  the 
actual  passage  of  the  hypha  bhrough  the  wall.  He  postulated 
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that  penetration  is  accomplished  through  a  preformed 
passage  without  contact  between  the  hypha  and  the  cell  wall, 
except  perhaps  at  the  very  first  point  of  penetration. 

B.  The  Mycelium  in  tlie  Cultural  Environment 

Cultural  work  provides  a  basis  for  evaluating  the 
stability  of  various  characters  associated  with  the  develop¬ 
ment  of  the  mycelium.  Information  concerning  the  stability 
of  characters  under  different  environmental  conditions  is  of 
fundamental  importance  in  v/orking  out  the  taxonomy  of  a  group. 
The  present  study  revealed  the  stability  of  various  mycelial 
characters  of  F.  igniarius  and  therefore,  these  characters 
could  be  employed  in  identification  of  this  species .  The 
lack  of  stability  of  certain  characters  can  be  explained 
on  the  basis  of  changes  in  environmental  factors. 

Fomes  'ign^tavius  var.  popuZi-nus  was  found  to  be  a  slow 
growing  fungus.  On  gallic  and  tannic  acid  agars  the 
diffusion  zones  were  v/eak  to  moderately  strong  suggesting 
the  presence  of  extracellular  oxidase  (Nobles,  1948).  No 
growth  was  observed  on  either  medium. 

The  variety  ZaevZgatus  v/as  found  to  be  a  fast  growing 
fungus.  The  diffusion  zones  were  observed  to  be  moderately 
strong  on  gallic  and  tannic  acid  agars .  It  grew  on  gallic 
acid  agar  with  a  colony  diameter  of  1.2  -  2.8  cm,  but  on 
tannic  acid  agar  no  growth  v/as  ODserved.  Nobles  (19  4  8) 
reported  no  growth  to  2.0  cm  diameter  on  tannic  acid  agar 


for  this  variety. 
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Both  varieties  produce  extj;acellular  oxidase  as 
indicated  by  the  formation  of  diffusion  zones,  but  the 
different  intensities  of  these  zones  indicate  that  there 
exists  a  quantitative  variation  between  and  v/ithin  the 
varieties.  Therefore,  this  criterion  cannot  be  used  to 
distinguish  the  different  varieties  within  this  species. 

In  both  varieties  the  color  of  the  mycelium  changed  v/ith 
age.  In  variety  populinus  it  ranged  from  cream  to  dark  brov/n 
color,  whereas  in  variety  laevigatus  it  was  cream  to  orange- 
cinnamon  color.  These  observations  were  in  agreement  with 
those  of  Nobles  (1948,  1958,  1965).  Since  each  variety  has 
a  distinctive  coloration,  pigment  analysis  could  provide  a 
useful  tool  in  classification. 

The  varieties  laevigatus  and  populinus  were  found  to 
produce  a  mild  and  strong  wintergreen  odor  respectively. 

Since  Nobles  (1948)  and  others  have  made  similar  observations, 
this  character  is  another  feature  of  taxonomic  importance  in 
classifying  at  the  varietal  level. 

In  liquid,  malt  extract  medium  the  dry  weight  of  the 
mycelium  in  variety  laevigatus  steadily  increased  up  to  the 
termination  of  the  experiment  -  under  all  temperatures  except 
34°C,  where  a  decrease  in  dry  v/eight  was  noticed  after  30 
days  of  growth.  This  decrease  in  dry  weight  could  have  been 
due  to  the  production  of  toxic  substances  or  the  process  of 
autolysis  or  both.  At  low  temperatures  (15  ,  21  and  24  C) 
the  mycelial  growth  showed  a  linear  pattern.  Ihis  linear 
pattern  of  growth  v/as  observed  at  27°C  as  well  up  to  35  days 
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of  growth.  The  rate  of  grov/th  then  decreased  giving  the 
growth  curve  a  curvilinear  appearance.  At  27°C  the  growth  is 
more  rapid  and  the  nutrients  are  consumed  in  a  shorter  time. 
This  decline  in  nutrients  could  be  a  reason  for  tlie  decrease 
in  the  rate  of  the  growth  of  mycelium  at  this  temperature 
during  later  stages. 

In  variety  populinus  there  was  a  decline  in  growth  at 
temperatures  of  24°,  27°  and  34°C.  This  decline  in  growth 
v/as  not  noticed  at  low  temperatures  (15°  and  21°C),  in  v/hich 
case  the  dry  weight  of  the  mycelium  continued  to  increase 
up  to  the  termination  of  the  experiment.  This  difference  in 
the  grov7th  rate  could  be  due  to  the  same  processes  suggested 
under  variety  laevigatus . 

The  optimum  temperature  for  the  grov/th  of  both  varieties 
of  this  fungus  in  solid  and  in  liquid  medium  was  found  to  be 
27°C.  Verrall  (1937)  ,  Oshima  (1953)  ,  Cartwright  and  Findlay 
(1958) ,  Wall  (1962)  also  obtained  optimum  growth  at  around 
27°C.  Hubert  (1931)  gives  the  optimum  temperature  for 
F.  igniarius  as  30*^0  but  does  not  mention  the  nature  of  the 
medium  used. 

Source  of  carbon  is  another  important  factor  affecting 
the  rate  of  grov/th  of  fungi.  In  the  present  study ,  or  the 
carbon  sources  used,  cellobiose  v/as  found  to  be  the  best  in 
terms  of  growth  rate  of  mycelium.  The  growth  obtained  was 
even  better  than  on  its  monomer  dextrose.  Henningsson  (1965) 
working  v/ith  Polyporus  hetulinus  sometimes  obtained  better 
growth  with  cellobiose  than  with  dextrose.  In  experiments 
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where  cellobiose  and  dextrose  were  the  ca,rbon  source,  a 
decline  in  the  dry  weight  of  the  mycelium  started  after  a 
period  of  steady  increase  (about  30  days)  in  growth.  The 
decline  in  v/eight  of  mycelium  could  be  due  to  initiation  of 
the  process  of  autolysis.  Cessation  of  growth  is  considered 
to  occur  because  of  the  lack  of  nutrients  in  the  medium  or 
the  production  of  toxic  substances  at  later  stages.  However, 
when  maltose  was  the  carbon  source  the  decrease  in  grov/th  was 
noticed  only  in  variety  laevigatus ,  the  dry  weight  of  the 
mycelium  in  the  other  variety  continued  to  increase  until  the 
termination  of  the  experiment.  These  results  with  maltose 
could  be  explained  by  the  difference  in  the  growth  of  the 
two  varieties.  Variety  laevigatus  grew  more  rapidly  in  this 
medium  than  variety  gopulinus ,  With  carboxymethyl  cellulose 
as  the  carbon  source  decrease  in  growth  was  not  observed  in 
either  variety.  Probably  the  explanation  here  is  the  very 
slow  growth  of  this  fungus  in  the  medium  having  carboxy¬ 
methyl  cellulose  as  the  carbon  source. 

The  results  of  the  experiments  in  which  the  mycelium  was 
grown  in  still  and  shake  culture  represent  the  yield  of 
mycelium  more  accurately  than  experiments  with  growth  on 
solid  media.  The  reason  is  that  most  of  the  gelatinous 
material  covering  the  mycelium  can  be  washed  off  before 
determining  the  dry  v/eight.  Both  the  varieties  produced 
more  mycelium  in  shake  culture  than  in  still  culture. 

Shaking  of  the  medium  provides  the  best  availability  of 
dissolved  oxygen  -  which  is  the  main  reason  for  better  growth 
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of  the  fungi  in  shake  culture.  Soon  after  the  maxim,uiTi,  growth 
was  obtained,  a  decrease  in  dry  weight  was  observed  in  both 
varieties  . 

During  tlie  growth  period  in  liquid  medium,  there  v/as  a 
fall  in  pH  of  the  medium  at  higher  temperatures  (24°  and  27°C) 
The  pH  change  could  have  been  due  to  the  production  of  acid 
substances  or  to  the  preferential  utilization  of  certain 
salts  or  both,  at  different  stages  of  growth.  The  pH  change 
was  greater  with  the  culture  of  the  variety  taeV'igatus  than 
with  the  variety  gogulinus  and  may  have  been  due  to  the 
faster  growth  of  the  mycelium  of  variety  laevigatus . 

The  grov/th  of  variety  goguHnus  was  enhanced  when  a  wood 
chip  V7as  added  to  the  malt-agar  medium.  According  to  Wall 
(1962)  some  substances  which  act  as  a  stimulant  for  growth 
may  be  present  in  the  wood  tissue. 

Under  all  cultural  conditions  provided  both  varieties 
of  F.  ignioXi'US  possessed  thin-v/alled  narrow  hyphae,  fiber 
hyphae  and  cuticular  cells.  In  addition  to  these  structures, 
variety  laevigatus  produced  thin-v/alled,  broad  hyphae. 

Nobles  described  similar  kinds  of  hyphae  in  her  cultural 
vzork  with  this  species.  Ring  formation  (flat  coils)  by 
variety  laevigatus  was  very  frequently  observed.  Such  hyphal 
rings  have  been  reported  by  Mounce  (1929)  in  Fames  ginicola. 
States  observed  them  in  Gleoghy Hum  saepiavium  (1969). 

In  variety  populinus  the  hyphae  frequently  show  half 
septa  and  constrictions  and  invaginations  of  cell  walls  were 
Nobles  did  not  report  these  characteristic 
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features  of  variety  pppulinus ,  Both  varieties  produced 
expanded  fiber  hyphae .  Nobles  (1965)  reported  such  expanded 
fiber  hyphae  in  Fames  pini  but  not  in  Pomes  igniarius . 

Broad  hyphae,  fiber  hyphae  and  cuticular  cells  origin¬ 
ated  from  the  thin-walled  narrow  hyphae,  which  made  up  the 
first  kind  of  mycelium  observed  in  culture. 

The  branching  pattern  reported  for  the  mycelium  of 
F.  igmavius  in  the  present  study  is  in  agreement  with  the 
branching  pattern  observed  in  other  Basidiomycetes  by 
Langeron,  Butler,  Groove,  Park  (cited  by  Butler,  1966) 

Hyphal  anastomosis  was  not  observed  in  juvenile  marginal 
hyphae  in  spite  of  their  frequent  close  proximity,  but,  it 
v/as  common  in  older  parts  of  the  colony  in  F.  igniavius . 

This  feature  was  observed  by  Buller  (1933)  in  Basidiomycetes, 
Ascomycetes  and  in  many  Deuteromycetes . 

All  the  expected  kinds  of  hyphae  were  observed  in  both 
varieties  under  variable  temperatures  and  on  various  media 
v/hich  provides  evidence  of  the  stability  of  these  characters. 
The  expanded  fiber  hyphae  did  not  develop  at  lov;  temperatures, 
e.g.  10  °C,  v/here  the  mycelial  growth  was  very  slow. 

In  the  foregoing  discussion  a  number  of  characters  of 
F.  igniavius  v/hich  are  stable  under  variable  environmental 
conditions  have  been  described.  The  more  important  of  these 
characters  are  the  invariable  presence  of  the  three  kinds  of 
hyphae  and  absence  of  clamp  connections.  At  the  varietal 
level  differentiation  on  the  basis  of  stable  characters  can 
be  made  in  accordance  with  the  color  of  the  mycelium. 
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intensity  of  odor  and  the  rate  of  growth.  In  addition f. 
variety  poputi-nus  differs  froiio,  the  other  variety  in  the 
presence  of  half  septa,  hyphal  constrictions  and  invagina¬ 
tions  of  the  cell  walls.  The  variety  laevigatus  is  charact¬ 
erized  by  ring  formation  in  the  hyphae  and  the  presence  of 
thin-walled,  broad  hyphae. 

C.  Ultrastructure  of  the  Mycelium 

Cultural  studies  provided  evidence  in  support  of  the 
proposition  that  the  mycelium  can  provide  characters  of 
taxonomic  significance.  A  greater  understanding  of  the 
structure  of  the  mycelium  of  the  two  varieties  of  Fames 
igniavius  required  a  study  of  its  fine  structure,  which  had 
not  been  investigated.  To  my  knowledge,  there  are  no  reports 
of  ultras tructural  work  vzith  any  Fames  species. 

The  development  of  electron  microscopy  since  1950  has 
provided  clear  evidence  of  the  occurrence  of  microfibrillar, 
structural  elements  in  the  walls  of  fungal  cells.  Willets 
and  Calonge  (1969)  have  reported  that  there  is  usually  a 
single  layered  cell  wall  in  brown  rot  fungi  ( Ascomycetes ) , 
although  in  some  cases  a  double  layered  wall  has  also  been 
observed.  Girbardt  (1958)  for  Paly stiotus  vevsicalav  and 
Giesy  and  Day  (1965)  for  Caprinus  lagapus  reported  the 
presence  of  a  double  layered  cell  wall.  Berliner  and  Duff 
(1965)  working  with  Armillaria  mellea  described  a  multi¬ 
layered  cell  wall  in  v/hich  the  outer  wall  v/as  usually 
sloughed  off.  In  Fames  igniavius  mycelium,  the  hyphal  cell 
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wall  wa,s  found  to  be  single  layered  or  multilayered  a,nd  was 
usually  triple  layered.  In  the  region  bounded  by  the  cell 
wall  are  present  all  the  organelles  such  as  endoplasmic 
reticulum,  mitochondria,  nuclei,  etc.,  which  have  been  found 
in  other  Basidiomycetes .  However,  a  characteristic  feature 
of  the  cell  of  this  fungus  is  the  presence  of  complex 
concentric  membranes.  Similar  structures  have  been  reported 
in  Lenzites  sae-piavia  by  Hyde  and  Walkinshaw  (1966)  and  in 
Sclerotium  volfsii  by  Nair  et  at.  (1969) .  The  latter 
believe  these  structures  to  be  involved  in  the  formation  of 
lomasomes .  In  my  study  the  lomasomes  were  seen  to  bud  off 
from  the  complex  concentric  membranes  an  observation  which 
gives  support  to  this  belief. 

A  second  characteristic  feature  of  the  hyphae  is  the 
presence  of  dense  bodies  similar  to  those  reported  by  Manocha 
in  AgaTvcus  campes  tris  (1965)  .  He  believes  that  these  bodies 
increase  in  size  and  that  their  contents  later  become  less 
dense  and  then  coalesce  to  form  vacuoles.  In  F.  igniarius  as 
well,  these  unidentified  dense  bodies  are  present  and  become 
lighter  in  color  as  they  enlarged  in  size  v/itli  increasing 
age  (Figure  33) .  These  bodies  are  seen  to  congregate 
together  but  no  clear  evidence  of  their  fusion  was  obtained. 

The  usual  location  of  vesicles  and  multivesicular  bodies 
near  the  cell  wall  lends  support  to  the  argument  put  forth  by 
Merchant,  Peat  and  Banbury  (1967)  that  these  bodies  are 
associated  with  the  deposition  of  the  microfibrils  of  the 
cell  wall.  The  vesicles  and  multivesicular  bodies  are 
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presuiued,  to  originate  from,  endoplasmic  reticulum.  These 
vesicles  appear  to  fuse  v/ith  plasmalemma  and  perhaps  help 
in  the  thickening  of  the  cell  wall.  The  crenulate  appearance 
and  discontinuity  of  the  plasmalemma  is  further  evidence  in 
favour  of  this  argument. 

The  dolipore  septum  found  in  the  hyphae  of  F.  igniavius 
conforms  in  a  general  way  to  the  one  described  for  other 
Bas idiomycetes  by  a  number  of  investigators  especially 
Girbardt  (1958),  Moore  and  McAlear  (1962c),  Wells  (1964), 
Wilsenach  and  Kessel  (1965),  Bracker  and  Butler  (1963),  Giesy 
and  Day  (1965)  .  Giesy  and  Day  (1965)  report  a  tv/o-lamellar 
pore  cap  in  the  dolipore  septum  of  Coprinus  lagopus ,  but  in 
F.  igniavius  there  is  a  f our-lamellar  pore  cap  which  is 
similar  to  the  pore  cap  found  in  Rhi zootonia  solani  (Bracker 
and  Butler,  1963) . 

Wilsenach  and  Kessel  (1965)  have  drawn  the  general 
conclusion  that,  in  the  Polyporaceae ,  pore  cap  pores  occur  at 
regular  intervals  of  400-800A.  I  did  not  find  this  to  be  the 
case  in  F.  igniavius .  In  this  species  pore  cap  pores  occur 
at  irregular  intervals  and  are  of  varying  size.  However, 
the  hypothesis  put  forv/ard  by  them  that  the  nuclei,  mito¬ 
chondria  and  endoplasmic  reticulum  cannot  pass  through  the 
pore  cap  pores  seems  justified.  In  view  of  the  observation 
that  the  pore  cap  pore  is  much  smaller  than  these  cell 
organelles,  the  passage  of  the  organelles  through  the  pore 
cap  pore  does  not  seem  to  be  possible  in  spite  of  their 
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A  dolipore  septum  is  present  at  the  differentiation 
point  where  the  fiber  hypha  originates  from  a  thin-walled 
hypha  and  it  is  thought  to  help  in  maintaining  protoplasmic 
continuity  between  the  adjacent  cells  in  early  stages  of 
fiber  development.  During  tlie  thickening  of  the  cell  wall 
in  these  fiber  hyphae  the  cell  organelles  gradually  disinteg¬ 
rate  which  results  in  a  diffuse  appearance  of  the  cytoplasm. 
At  the  same  time  the  cell  v/all  becomes  thick  by  deposition 
of  additional  layers .  These  observations  are  in  agreement 
with  the  observations  made  by  Schmid  and  Liese  (1968)  on 
fiber  formation  in  Avraillavia  mellea.  A  constriction  of  the 
fiber  hypha  is  often  seen  in  F.  igniavius  var .  gopulinus  and 
similar  constrictions  have  been  reported  by  Willets  and 
Calonge  (19  69)  in  the  hyphae  of  the  stroma  of  brov/n  rot  fungi. 

The  presence  of  cuticular  cells  in  the  mycelium  of  this 
fungus  is  another  characteristic  feature.  Like  the  fiber 
hyphae  these  too  show  a  diffuse  appearance  of  the  cytoplasm 
in  intermediate  stages  of  development  and  are  thick-walled 
at  later  stages.  In  these  cells  remnants  of  the  cytoplasm 
remain  at  maturity. 

In  contrast  to  the  thin-walled  hyphae  where  the  cell 
organelles  such  as  mitochondria,  endoplasmic  reticulum, 
vesicles,  etc.,  are  present  in  abundance,  in  the  fiber 
hyphae  these  organelles  are  not  so  numerous  and,  when  the 
cell  wall  thickens  during  the  maturation  of  the  fiber,  the 
organelles  and  cytoplasm  disintegrate  leaving  a  narrow  lumen. 
It  is  presumed  that  most  of  the  cytoplasmic  material  is 
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utilized  in  cell  v/all  thickening.  The  cuticular  cells  under¬ 
go  similar  changes  during  later  stages  of  development. 

Electron  microscopy  contributed  valuable  information 
regarding  the  detailed  structure  of  the  various  kinds  of 
hyphae  found  in  Fames  igniavius .  Future  ultrastructure 
studies  of  the  vegetative  mycelium  in  other  species  of  the 
Polyporaceae  and  various  Fames  species,  in  particular,  would 
help  in  establishing  relationships  between  various  taxa  of 
these  fungi.  Such  studies  would  also  lead  to  an  understand¬ 
ing  of  the  development  of  hyphae  modified  for  particular 
functions . 

D.  The  Developmental  Morophology  of  the  Mycelium  of  Fames 
igniavius 

The  follov/ing  description  of  the  mycelium  of  F.  igniavius 
and  its  varieties  will  serve  to  sum  up  the  features  of  this 
stage  which  are  thought  to  be  of  taxonomic  significance.  It 
includes  only  characteristics  which  have  been  found  to 
remain  constant  under  changing  environmental  conditions  and 
are  therefore  considered  to  be  of  taxonomic  value. 

Characters  of  the  Mycelium  in  Wood 

In  both  varieties,  papulinus  and  taevigatus  ,  thin-walled, 
narrow  hyphae  occur  in  all  kinds  of  vzood  tissue.  The  fiber 
hyphae  and  cuticular  cells  are  also  present,  the  latter 
being  confined  to  zone  lines.  In  addition,  thin-walled, 
broad  hyphae,  characteristic  of  variety  laevvgatus  occur  in 

The  thin-walled  hyphae  are  plentiful  and  are 
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very  much  branched  and  septate.  They  penetrate  the  cell 
wall  freely  causing  bore-holes.  Clamp  connections  do  not 
form  on  the  mycelium  in  wood. 

Characters  of  the  Mycelium  in  Culture 

Macroscopic  and  Physiological  Characters 

In  Fames  igniavius  the  maximum  mycelial  growth  takes 
place  at  27°C  in  both  solid  and  liquid  media.  In  the  early 
stages  of  growth  the  advancing  zone  is  even  and  mycelium  is 
cream  colored.  The  mycelium  peels  from  the  agar  readily. 
The  fungus  produces  a  v/intergreen  odor  on  malt-agar  medium. 
Diffusion  zones  are  produced  by  F.  igniaTi-us  on  gallic  and 
tannic  acid  agars. 

F.  igniavius  var.  gogulinus  is  a  slow  growing  fungus. 
The  advancing  zone  becomes  bayed  after  three  to  four  weeks 
on  malt-agar  medium.  The  color  of  the  mycelium  becomes 
dark  brown  at  later  stages  (4-5  weeks)  of  growth.  The 
mycelium  is  raised,  thick  and  wooly,  frequently  growing  to 
the  top  of  pe triplates  near  the  inoculum  plug  and  sloping 
gradually  towards  the  edge.  The  reverse  is  unchanged  in 
color  and  shows  conspicuous  zones  and  radiating  lines.  No 
growth  takes  place  on  gallic  and  tannic  acid  agars.  The 
fungus  produces  a  strong  wintergreen  odor  on  malt-agar 
medium. 

The  variety  laevigatus  produces  a  faster  growing 
mycelium  than  the  variety  populinus .  The  advancing  zone  is 
hyaline  with  the  hyphae  well  separated  from  each  other  on 
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n^alt-agar  medium.  The  color  of  the  mycelium  becomes  orange- 
cinnamon  at  later  stages  of  grov/th  but  the  white  border 
persists.  The  mycelium  is  slightly  raised,  cottony  in  the 
initial  growth,  then  wooly  to  felty  at  later  stages.  Zones 
of  the  aerial  mycelium  are  also  observed.  The  color  of  the 
reverse  is  changed  and  finally  the  v.'hole  medium  is  liver 
brown  in  color.  The  wintergreen  odor  is  mild  in  this 
variety .  This  fungus  grows  on  gallic  acid  agar  but  there  is 
no  growth  on  tannic  acid  agar. 

Microscopic  Characters 

The  mycelium  of  Fames  igniavius  consists  of  three  kinds 
of  hyphae  -  thin-walled  hyphae,  fiber  hyphae  and  cuticular 
cells.  The  thin-walled  hyphae  are  frequently  branched  and 
lack  clamp  connections .  The  type  of  branching  is  monopodial 
and  branches  form  in  acropetal  succession.  The  branches 
arise  mostly  at  acute  angles,  but  branching  at  right  angles 
and  in  whorls  occurs  occasionally.  Hyphal  anastomosis  is 
frequent  in  thin-v/alled  hyphae.  Fiber  hyphae  and  cuticular 
cells  originate  from  the  thin-walled  hyphae  v/ith  a  septum  at 
the  differentiation  point.  The  fiber  hyphae  and  cuticular 
cells  are  dark  brown  in  color  when  fully  developed. 

The  distinctive  characters  of  the  variety  laevigatus 
are  the  presence  of  thin-v/alled,  broad  hyphae  and  the 
development  of  hyphal  rings  (flat  coils)  .  In  variety 
pogulinus  the  presence  of  half  septa,  cell  wall  constrictions 
and  invaginations  are  the  distinguishing  features. 
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Ultrastructure  Characters  of  the  Mycelium 

±he  hyphal  cell  v/all  in  F.  igniarius  may  be  single  or 
multilayered.  The  dolipore  septum  is  found  in  all  hyphae 
and  there  is  a  dolipore  septum  at  the  differentiation  point 
where  a  fiber  hypha  and  cuticular  cell  originate  from  a  thin- 
walled  hypha.  Vesicles  and  multivesicular  bodies,  occur 
near  the  cell  wall.  Cell  organelles  such  as  endoplasmic 
reticulum,  mitochondria,  nuclei,  vesicles,  etc.,  are  abundant 
in  young  hyphae.  Complex  concentric  membranes,  v/hich  give 
rise  to  lomasomes,  are  present  in  the  cytoplasm.  The  mature 
fiber  hyphae  and  older  cuticular  cells  have  thick  micro¬ 
fibrillar  cell  walls  and  diffused  cytoplasm. 

It  can  be  seen  from  the  above  description  that  thin- 
walled  hyphae,  both  narrow  and  broad,  fiber  hyphae  and 
cuticular  cells  which  develop  under  cultural  conditions  are 
also  characteristic  of  the  mycelium  grov/ing  in  the  natural 
environment  -  wood  tissue.  Furthermore,  the  degree  and 
pattern  of  branching  and  the  kind  of  septation  are  the  same. 
From  these  facts  one  can  conclude  that  the  mycelium  of  this 
species  has  a  distinctive  m.orphology  which  is  expressed  in 
both  the  natural  and  artificial  environment.  Such  evidence 
does  not  support  the  commonly  held  idea  expressed  in  the 
statement  by  Chesters  (1968)  that  "The  morphology  of  the 
mycelium  of  a  fungus  within  its  host  substrate  may  be  entire¬ 
ly  useless  as  a  diagnostic  criterion,  not  because  it  lacks 
characteristic  features ,  but  because  tliese  are  difficult  to 
gispXay  and  to  observe" .  In  this  species  the  mycelium  does 
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have  morphological  chara,cters  which  are  constant  and  can  be 
adequately  described.  The  mycelium  of  F.  igniavius  also  has 
distinctive  physiological  characters  such  as  maximum  grov/th 
at  27°C  and  the  wintergreen  odor  which  are  expressed  under 
specific  cultural  conditions .  Such  characters  can  be  used  to 
identify  tlie  species  and  are  more  useful  than  structural 
features  in  identifying  the  varieties . 

Natural  taxa  can  be  defined  only  v/hen  all  stages  of  the 
life  history  of  tlie  organisms  are  fully  described  and  under¬ 
stood.  The  mycelium  is  an  important  phase  in  the  life  cycle 
of  these  fungi  but  its  use  in  classification  has  been  limited 
to  diagnostic  keys  designed  for  the  identification  of  cultures 
isolated  from  decayed  wood.  Information  on  the  structure  and 
development  of  the  vegetative  mycelium  in  the  natural  sub¬ 
strate  and  in  culture,  which  could  be  correlated  with  the 
description  of  the  structure  and  development  of  the  basidio- 
carp,  is  essential  for  satisfactory  classification.  It  is 
suggested  that  parallel  studies  of  hyphal  structure  and 
organization  in  the  mycelium  and  in  the  basidiocarp  of  species 
of  Polyporaceae  v/ould  reveal  many  characters  of  taxonomic 
value . 

In  this  investigation  the  mycelium  of  one  species  and 
ppg  j_0pl0s  has  been  intensively  studied  and  the  cnaracters 
which  are  stable  under  variable  conditions  determined.  In 
addition,  a  clear  understanding  of  tlie  mode  of  development  of 
this  phase  of  the  life  cycle  has  been  gained  and  the  relation¬ 
ship  between  characters  expressed  in  the  natural  and  cultural 
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environri\ents  es ta,blished , 

It  will  be  necessary  to  carry  out  similar  studies  of 
the  vegetative  mycelium  of  other  species  of  this  genus  and 
the  family  before  the  taxonomic  significance  of  mycelial 
characters  can  be  fully  assessed.  Such  studies  would  also 
lead  to  an  understanding  of  the  development  of  this  phase 
of  the  life  cycle  and  the  effect  of  factors  of  the  micro¬ 
environment  . 
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